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Abstract
The riparian tall herb fringe communities of the order Convolvuletalia sepium represent an 
integral part of the natural vegetation in river valleys. The major objective of this study was to 
assess the relationships between the diversity and variability of these communities and various 
environmental factors. The survey was conducted in northwestern Poland, along 101 randomly 
selected 1–2-km long sections of 24 rivers and the Szczecin Lagoon. Samples were collected 
in 2008–2013 in all types of tall herb fringe vegetation found in the surveyed river sections. 
Data collected included hydrogeomorphic variables, soil parameters, potential and actual 
vegetation, and dominant land use form. A total of 24 vegetation units were documented, 
based on 300 sample plots (relevés). Tall herb fringe communities occurring in valleys of large 
rivers (Senecionetum fluviatilis, Fallopio-Cucubaletum bacciferi, Achilleo salicifoliae-Cuscutetum 
lupuliformis, Convolvulo sepium-Cuscutetum europaeae typicum and chaerophylletosum 
bulbosi subass. nov., Rubus caesius community, Solidago gigantea community) exhibited 
floristic and ecological differences in comparison with plant communities from small rivers 
(Eupatorietum cannabini typicum, aegopodietosum and cardaminetosum amarae subass. nov., 
Epilobio hirsuti-Convolvuletum sepium, Soncho palustris-Archangelicetum litoralis, Convolvulo 
sepium-Cuscutetum europaeae aegopodietosum, Urtico-Convolvuletum sepium typicum and 
aegopodietosum, Urtica dioica community, Galeopsis speciosa community, Rubus idaeus com-
munity). This finding fully justified their division into two alliances: the Senecionion fluviatilis 
and the Archangelicion litoralis, respectively. Significant differences between the tall herb 
fringe communities associated with large rivers and the plant communities occurring along 
small rivers included plant species richness, moss layer cover, contribution of river corridor 
plants, level of invasion, influence of adjacent plant communities on the floristic composition, 
relative elevation and distance away from the riverbed, degree of shading, proportions of all 
grain size fractions, soil pH, contents of organic matter, humus, organic carbon, total nitrogen, 
bioavailable phosphorus, potassium, magnesium, and calcium in the soil. The differences in 
environmental characteristics of individual plant communities were significant as well; they 
showed that most vegetation units were well defined. The variables that best discriminated 
between riparian tall herb fringe communities included the natural potential vegetation unit 
Salici-Populetum, headwater seeps, soil pH, sample elevation above the river water level, river 
size, flooding, degree of shading, soil moisture, K2O and CaO contents, and C/N ratio. The 
integration of the main riparian gradients (longitudinal, lateral, vertical) and patch perspec-
tive (e.g., natural potential vegetation units, and land use forms) significantly improved the 
comprehensive riparian vegetation patterns, because these two perspectives underpin different 
processes shaping the vegetation. This study contributed significantly to the knowledge of 
riparian tall herb fringe communities. Two subassociations are described here for the first 
time, whereas six others have not been previously reported from Poland. The data summarized 
in the synoptic table indicated that the species diagnostic for individual plant communities 
should be revised at the supra-regional scale. Some syntaxonomic issues were also determined. 
The inclusion of the order Convolvuletalia sepium to the class Epilobietea angustifolii resolved 
the problem of classifying the community dominated by Eupatorium cannabinum, a species 
showing two ecological optima: one in riparian tall herb communities and the other in natural 
gaps of the tree stands and clearings of fertile alder carrs and riparian woodlands. This also 
resolved the problem of classifying the communities dominated by Galeopsis speciosa and 
Rubus idaeus, intermediate between riparian tall herb and clearing communities. The results 
of this study may serve as a reference for management of the vegetation in river valleys and 
promote their conservation. They may also be essential for any future syntaxonomic revision 
of riparian tall herb fringe communities at a larger geographical extent.
Keywords
rivers; riparian vegetation; Senecionion fluviatilis; Archangelicion litoralis; environmental 
conditions; ordination; alien plants; level of invasion
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1. Introduction
Riparian ecosystems exhibit high habitat heterogeneity, complex ecological processes, and 
multidimensional gradients. Climate and geomorphology influence the longitudinal course 
of the river, but they are also important throughout the lateral extent of the floodplain, af-
fecting the probability and duration of flood disturbance, as well as soil characteristics [1]. 
Longitudinal transport of organic matter and nutrients, along with lateral mass movement 
across the floodplain, are essential for ecological processes in river valleys [2]. The vertical 
dimension in river valleys is equally important, because it is related to the intensity of flood 
effects, connectivity of ground- and surface waters, and moisture level [1]. Various concepts 
in riverine ecology have been developed to achieve a holistic perspective of such a complex 
system [3].
The river continuum concept (RCC) [4] emphasizes the importance of the longitudinal 
dimension. It focuses on the continuous upstream–downstream gradient of physical condi-
tions and ecological processes, particularly on changes in material supply and circulation, 
accompanied by alterations in producer and consumer communities along the length of a river. 
Some studies have related riparian vegetation variation to longitudinal-scale controls [2,5], 
but RCC is generally accepted for small to moderately sized rivers, with relatively constant 
climate and simple geology [6]. The most severe limitation of the model is the fact that it 
ignores the effects of floods on the structure and function of riverine landscapes [3].
The flood pulse concept (FPC) [7] stresses the lateral (transverse) dimension and explains 
the river–floodplain relationship, indicating that flooding is the most important factor con-
trolling biota in large river systems. Organisms subjected to a regular flood pulse develop 
various adaptations and strategies to efficiently utilize this dynamic system and respond to 
the flood’s magnitude, frequency, and duration, e.g., by forming clear zonation of plant com-
munities [1,8,9]. As opposed to large rivers, small rivers exhibit short and mostly unpredictable 
floods. In such cases, organisms have limited adaptations for utilizing attributes of the aquatic/
terrestrial transition zone [7]. Furthermore, transverse-scale controls are very sensitive to 
land use changes and various types of anthropogenic river regulation [10]. The latter affects 
dynamics of flooding, sediment transport, groundwater supply, and soil characteristics, which 
strongly influence riparian vegetation [11].
Tockner et al. [12] argued that FPC is based mainly on large tropical rivers, with a predictable 
flood pulse of long duration. They extended this concept to temperate areas and upper and 
middle reaches of rivers with less predictable floods of shorter duration by pointing out the 
importance of temperature and nutrients in explaining the biological diversity of floodplains, 
as well as the consequences of expansion–contraction events altering surface waters below 
the bank full (“flow pulse”). The authors stress that overflow of river water is not the only 
cause of inundation in river valleys; direct rainfall, overland runoff, and rising groundwater 
may contribute to the flooding process. Moreover, flow and flood regimes vary regionally 
based on their dependence on river size, climate, geology, topography, and vegetation cover. 
More empirical data are needed to understand the dynamics of different riverine floodplains, 
because their biodiversity patterns and environmental heterogeneity are controlled by dif-
ferent processes [12].
Myśliwy / Diversity and environmental variability of riparian tall herb fringe communities
8© The Author(s) 2019 Published by Polish Botanical Society Monogr Bot 108
Complex, dynamic, and nonlinear functioning of river-floodplain system is suggested 
by the hierarchical patch dynamics (HPD) perspective [13], which integrates two theories, 
one involving spatial heterogeneity (ecosystem dynamics) and the other hierarchy (nested 
hierarchies of patch mosaics). HPD describes a river network as a mosaic of discontinuous 
patches at multiple spatial and temporal scales based on geomorphology and hydrology. The 
biological and physical components of this systems interact and shape the emergent ecosystem-
scale characteristics. For example, vegetation is strongly influenced by soil moisture, fertility, 
and microclimate, but at the same time it moderates soil moisture by evapotranspiration, 
affects soil fertility by leaf litter deposition, and generates microclimates through shading 
and transpiration [1].
Finally, the riverine ecosystem synthesis (RES) [3] provides a framework for linking various 
concepts in riparian ecology, especially the HPD model, with often discontinuous patterns 
along longitudinal and lateral dimensions, and characterizes the riparian networks from small 
streams to large rivers. The riverine landscape is structurally highly complex, and individual 
hydrogeomorphic patches differ in flow regimes, flow histories, and flood pulses, as well as 
in the physical template, e.g., vertical and lateral shape, mean substrate size, and chemical 
conditions; all these factors are important in shaping biotic communities. Therefore, biotic 
communities in comparable types of hydrogeomorphic patches are more similar to each 
other than to adjacent assemblages in different patch types. To explain riparian vegetation 
structure and ecosystem functioning, longitudinal and lateral processes, as well as patch-scale 
dynamics should be considered [3].
The outstanding natural values of river valleys stem both from diversity of habitats and 
continuity of similar ecosystems they support. As a result, the valleys are usually local 
biodiversity hotspots and form specific “ecological corridors” for species [14]. Many plants, 
including a high proportion of threatened species, show a corridor-like distribution pattern 
[15,16]. Human activities, however, have considerably transformed the natural environment 
of most of the European river valleys. Changes in water flow regime, coupled with intensified 
agricultural practices on alluvial plains, have reduced the diversity of riverine landscapes 
[17–19]. Restoration of river valleys requires comprehensive measures implemented in the 
entire catchment. These measures must be based on detailed studies, including vegetation 
surveys, on the structure and composition of natural riparian plant communities, as well as 
an understanding of environmental drivers associated with observed vegetation variation, 
which are essential for restoration purposes [20–23].
Riparian vegetation subjected to fluctuations in flooding develops in a specific way. 
Frequently inundated areas located close to the riverbank support short-lived annuals and 
fast-growing low grasses and sedges (e.g., Bidentetea Tx. et al. ex von Rochow 1951 class). 
Their development varies annually, depending on water level. Tall grasses that spread veg-
etatively occur in areas above a certain degree of flooding risk. Such reed strips are usually 
species-poor and dominated by Phalaris arundinacea, and less often by Phragmites australis 
or Glyceria maxima. Higher, the area is covered by riverside willow shrubs, such as Salix 
purpurea, S. triandra, and S. viminalis. They can occupy a large area or form a narrow band 
where the floodplain is not extensive. The willow scrub is followed by quick-growing, broad-
leaved soft-wood trees (Salix alba, S. fragilis), which often form flooded alluvial forests. The 
highest-lying areas subjected to flooding are occupied by hardwood forests dominated by 
Alnus glutinosa, Fraxinus excelsior, and Ulmus species. This sequence of vegetation types can 
be disturbed by the river itself through erosion, sedimentation, and change of course [24]. 
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Anthropogenic transformations are also very common. For example, willow forests, always 
present in natural river valleys, are fairly scarce today because of deforestation. Areas formerly 
covered by alder-ash and ash-elm riparian forests, suitable for agricultural purposes, have 
been turned into arable land or meadows [25].
Earlier studies explaining complex vegetation-environment relationships in the riverine 
landscape often dealt with riparian forests [26–32] or secondary vegetation types, such as 
meadows [22,33,34]. However, the riparian tall herb fringe communities of the order Con-
volvuletalia sepium Tx. ex Moor 1958 represent an integral part of the natural vegetation in 
river valleys. They are lush, multilayered assemblages of tall herbs and climbing species. They 
usually grow as narrow belts between riparian rushes and willow or alder scrub, as well as 
between rush and meadow communities. They occur by rivers, coastal lagoons, lakes, and 
other water basins, but prefer locations that are periodically or episodically flooded, with 
fertile and moist soils [35–38]. Because of human disturbance, these communities have 
greatly expanded to also cover secondary, particularly ruderal, habitats. At the same time, 
the primary floristic composition of the communities has changed because of expansive, 
alien species [24,36,37,39]. Riparian habitats are known for their invasibility (sensu Lonsdale 
[40,41]) [42–47]. Aliens often displace native species and frequently form their own plant 
communities [48–54]. According to Matuszkiewicz [37], rarely do such monospecific ag-
gregations merit the rank of association; however, many plant associations with neophytes 
have been identified [55–61]. The tremendous floristic variability, as well as the domination of 
different species in individual tall herb assemblages, have resulted in numerous associations, 
subassociations, and facies being identified in the group of communities treated herein. The 
final number is still under debate, particularly between proponents of narrowly and broadly 
defined plant association concepts [61–63].
In Central Europe, the order Convolvuletalia sepium has been reported as containing 
from one to three alliances and covering either exclusively fringe communities growing 
in hygrophilous habitats, or in a broader sense [as the Galio-Convolvuletalia sepium (Tx. 
1950) Oberd. et al. 1967], also covering mesic fringes. The names Senecionion fluviatilis Tx. 
ex Moor 1958 and Convolvulion sepium Tx. 1947, first published by Tüxen [64], are being 
used either – as suggested by that author – as synonyms of the same alliance [35,65–70] or 
to denote two different ones: the first consisting of riparian fringe communities occurring 
on banks of large rivers, and the second covering riparian fringe communities of smaller 
rivers and streams [37,71,72]. Müller [71] regarded such division as justified floristically 
and ecologically; however, provided no evidence. Mucina [69] and Siedentopf [63] found no 
floristic grounds justifying the division. The third alliance Archangelicion litoralis Scamoni 
et Passarge 1963, initially proposed by Tüxen [65] for poorly defined halophile assemblages 
associated with brackish water shores in the coastal zone, has been accepted by Dengler et 
al. [73], Koska [62], and by Mucina et al. [70] in their recent synthesis of classification of the 
European vegetation, whereas Mucina [69], van’t Veer et al. [74], Brzeg and Wojterska [61], 
Matuszkiewicz [37], and others did not see sufficient reasons to distinguish it and included it 
in the Senecionion fluviatilis alliance. In the opinion of Dengler et al. [73], the Archangelicion 
litoralis alliance is identical with that of Convolvulion sepium sensu auct. non Tx. 1947. Such 
problems can be solved by nomenclatural revisions and detailed floristic and ecological stud-
ies. Previous research has not investigated differences in environmental conditions among 
individual associations of tall herbs.
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Riparian tall herb fringe communities occur in Poland along shores of some rivers, lakes, 
and mid-field ponds, as well as in various other systems. The scant information on its floristic 
composition can be found in published local and regional studies (e.g., [75–82]), as well as 
in the review by Brzeg [36]. However, as emphasized by numerous authors [36,37,39,83,84], 
plant communities of the order Convolvuletalia sepium in the Polish lowlands are still inad-
equately understood. Information is lacking regarding the geographic distribution of these 
communities, their structure, natural dynamics, directions, and magnitude of alterations and 
threats, as well as protection and restoration methods. To date, no comprehensive habitat 
research has been undertaken, neither in Poland, nor in Central Europe.
The lack of any synthetic treatment placing this type of vegetation on a supraregional scale, 
and particularly the distinct gap in their habitat characterization, provided the incentive to 
undertake this research, with the goal of a comprehensive exploration of these interesting 
and important plant communities. They are a phytosociological identifier of habitat 6430-3 
“Hydrophilous tall herb fringe communities of plains” (Code Physis 37.711, 37.715), listed 
in Annex 1 of the EU Habitat Directive. Their protection is important for preserving natural 
processes in river valleys, as well as for the conservation of typical riparian landscapes [39]. 
For the protection and the successful restoration of this valuable habitat type, it is essential to 
understand the effects of environmental conditions on their species composition and diversity. 
Although some studies have already related riparian vegetation to selected environmental 
factors in floodplains, very few attempts have been made to examine the relative importance 
of multiple types and scales of variables that influence riparian vegetation [26].
The major objectives of this study were to describe the riparian tall herb fringe vegetation, 
to evaluate the invasion by alien plants, and to assess the relationships between vegetation 
and various environmental factors in Polish river valleys. On the basis of personal observa-
tions, the author hypothesized that the tall herb vegetation is dependent on river size and 
local environmental factors assessed at different scales. Therefore, the following questions 
were addressed:
 ■ What is the species composition and diversity of riparian tall herb fringe vegetation 
(Convolvuletalia sepium)?
 ■ Which environmental factors are most important in differentiating between tall herb 
fringe communities?
 ■ Do environmental conditions and riparian tall herb fringe communities differ based on 
river size?
 ■ Do tall herb fringe communities along rivers of various size differ in the level of invasion?
The results obtained will elucidate vegetation patterns in river valleys and the responses 
of plant species along environmental gradients. This understanding is essential for setting 
realistic targets for restoration management.
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2. Characteristics of the region
The area of northwestern Poland covered by this survey is bordered by the Baltic Sea to the 
north, by the Warta and Noteć rivers to the south, by the Poland–Germany state border to 
the west, and by the Vistula River to the east. The area is located in the Polish part of the 
historical region of Pomerania.
The geobotanical division of Poland presented by Matuszkiewicz [85] places the area in 
two subprovinces of the Central European Province: the Southern Baltic and the Central 
European Proper, and in three divisions: the Pomeranian, Brandenburg-Wielkopolska, and 
Mazovian-Polesie. According to the physical geography-based regional division of Central 
Europe [86], the area belongs to the Central European Lowland Province and its two subprov-
inces: the Southern Baltic Coastal areas with three macroregions (the Szczecin, Koszalin, and 
Gdańsk coasts) and the South Baltic Lakeland, with five macroregions (Western Pomeranian, 
Eastern Pomeranian, and Southern Pomeranian Lakelands, Toruń-Eberswalde Ice-Marginal 
Valley, and the Lower Vistula Valley). The first of the subprovinces features seashore land-
scapes with river mouths and a belt of morainic plains, usually not higher than 100 m a.s.l. 
The other subprovince is characterized by the presence of a young-glacial landscapes with 
an abundance of lakes and drainage-less depressions. The landscapes are regionally diverse, 
with the diversity produced by different phases of the Baltic glaciation and by uplands being 
intersected by river valleys [86].
The soils of northwestern Poland are dominated by zonal soils, particularly brown soils and 
luvisols, usually forming a soil mosaic on morainic uplands, and podsols, typical of outwashes 
of the southern slopes of Pomerania and also of sandy terraces in ice-marginal valleys and 
river valleys. The nonzonal soils are represented by hydrogenic soils, including chernozems 
occurring in the Pyrzyce Plain, as well as marshy soils (peat, marsh, and murshic histosols), 
occupying low-lying valleys, glacial troughs, and meltwater depressions, e.g., the bottom of 
the Lower Oder Valley. In addition, downstream sections of some river valleys feature fen 
soils produced by flood deposits [87,88].
The climate of northwestern Poland is primarily affected by the polar-marine air masses 
advecting from the North Atlantic, manifested in the area as a distinct preponderance of 
westerly winds. The importance of the Arctic air masses, from the Barents Sea and Northern 
Russia, and of the polar-continental air masses, from Central Russia, is clearly lower. In 
Pomerania, the least influential are the tropical air masses advecting from the Azores, North 
Africa, and the Middle East [88].
The study area experiences an interplay between the oceanic and continental climates. 
The annual mean air temperature ranges from 7.5°C in the southeastern part of the area to 
8.5°C in the western part. The annual amplitude of temperature ranges from 17.5°C in the 
narrow belt of the seacoast to 19.5°C in the southeastern part of the area [89]. The degree 
of continentalism of the Pomeranian climate, assessed based on the annual temperature 
amplitude, ranged from 38% at the coast to 44% in the southeastern part of the region [90]. 
The precipitation-related oceanism characterized by higher precipitation during the colder 
half-year relative to annual precipitation, is perceptible in the northern and western part of 
the area [91]. The total annual precipitation in northwestern Poland varies within a narrow 
range, from 550 mm in the western and southern parts to 600–650 mm in the morainic hill 
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zone between river valleys of the Rega and Łeba and to 700 mm in the vicinity of the Wieprza 
and Słupia river valleys. The duration of the growing season ranges from 180 to 190 days in 
the central and eastern parts of the region to 230 days in the southwestern region [89].
In addition to the region-wide variability in climatic conditions, the study area exhibits 
high microclimatic variability related to terrain relief and vegetation cover. Specific topocli-
mates are typical of microregions, such as valley bottoms and slopes, upper areas of morainic 
uplands, shores of large lakes, and coastal dunes [88].
Northwestern Poland exhibits a well-developed network of rivers (Fig. 1). A chain of 
frontal moraines and other marginal forms, created during the Pomeranian stage of the last 
(Vistulian) glaciation, constitutes a boundary between rivers discharging into the Baltic Sea or 
the terminal sections of the Oder and Vistula on the one hand and those flowing southward 
to the Toruń-Eberswalde Ice-Marginal Valley on the other [86]. The catchments of the riv-
ers that discharge directly into the Baltic Sea (the Rega, Parsęta with Radew, Wieprza with 
Grabowa, Słupia, Łupawa, Łeba, and Piaśnica) primarily feature morainic uplands developed 
on barely permeable morainic clays. In contrast, the catchments of the rivers flowing toward 
the Toruń-Eberswalde Ice-Marginal Valley (the Warta with Noteć and its tributaries, the 
Drawa with Korytnica and Płociczna, as well as the Gwda with Piława and Dobrzyca) exhibit 
primarily lowlands of outwash terraces built of sand and sand-gravel deposits. The major 
Lower Oder tributaries include the Myśla, Rurzyca, Płonia, and Ina with Krąpiel. The Vistula 
catchment features the Brda, Wda, and Wierzyca. Some sections of the Pomeranian rivers 
resemble mountain streams because of a terrain slope angle of 2–3‰ up to 5‰ [92,93].
Fig. 1 Location of the vegetation samples (black circles) along the rivers studied in NW Poland.
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3. Material and methods
3.1. Study area
The surveys were conducted along 101 randomly selected, 1–2 km sections of 24 rivers 
and the Szczecin Lagoon (Fig. 1). Hydrogeomorphological classification of river size [94] 
was adopted to divide rivers into: (i) small (comprised of very small rivers – shorter than 
100 km, with a catchment area lower than 1,000 km2, and small rivers – 100–200 km and/
or having a catchment area of 1–10,000 km2), (ii) large (comprised of moderately sized riv-
ers – 200–500 km and/or having a catchment area of 10–100,000 km2, large rivers – longer 
than 500 km and/or having a catchment area larger than 100,000 km2, and the Szczecin 
Lagoon) (Tab. 1).
3.2. Vegetation data
Samples were collected in 2008–2013, in all types of tall herb fringe vegetation found in 
surveyed river sections. The number of samples from each river depended on the number of 
selected sections and diversity of riparian vegetation. Vegetation sample plots (relevés) were 
taken following the Braun-Blanquet [95] approach. The area of the relevé varied between 
4 and 30 m2. All the vascular plant and bryophyte species were recorded with their respective 
cover-abundances using the classic Braun-Blanquet scale [96]: r (one or a few individuals), 
+ (rare with cover less than 1%), 1 (somewhat abundant with cover less than 5%), 2 (cover 
5–25%), 3 (cover 25–50%), 4 (cover 50–75%), and 5 (cover 75–100%). A total of 300 relevés 
were stored in the database program Turboveg for Windows [97] and transferred into the 
Polish Vegetation Database [98].
The hierarchical classification of the syntaxonomic system follows Mucina et al. [70], as 
do scientific names of the superior syntaxa (from alliance to class). The names of plant as-
sociations of the order Convolvuletalia sepium were checked against the ICPN rules [99] and 
provided with common synonyms. The names of plant associations of other syntaxonomic 
groups followed Chytrý [100–103]. The nomenclature of vascular plants followed Mirek et 
al. [104], whereas that of liverworts and mosses followed Szweykowski [105] and Ochyra et 
al. [106], respectively. The list of plants invasive in Poland was compiled based on Tokarska-
Guzik et al. [107], who adopted the following definition of invasive alien species: those aliens, 
which threaten biodiversity, human health or wellbeing, and/or socioeconomic interests.
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Tab. 1 Characteristics of the rivers surveyed in NW Poland and their classification into size classes.
River Length (km)
Catchment 
area (km2) Recipient
Number 
of 
sections
Number 
of 
relevés
Small rivers
Prostynia 9.0 - Drawa 1 3
Płutnica 9.0 - Baltic 1 3
Stobnica 15.0 - Ina 1 2
Bielica 17.2 - Kanał Nieborowski 1 1
Reczyca 19.3 - Ina 1 1
Prusina 27.5 220.0 Wda 1 3
Piaśnica 28.6 325.0 Baltic 4 33
Korytnica 37.0 - Drawa 3 2
Reda 51.0 485.0 Baltic 3 8
Krąpiel 70.0 640.2 Ina 2 6
Piława 82.0 1,352.0 Gwda 3 3
Radew 83.0 1,091.5 Parsęta 3 3
Myśla 95.6 1,334.0 Oder 3 3
Łupawa 98.7 924.5 Baltic 5 11
Łeba 117.0 1,801.0 Baltic 5 26
Ina 126.0 2,151.0 Oder 7 50
Słupia 138.6 1,620.0 Baltic 5 13
Parsęta 139.0 3,151.0 Baltic 5 5
Drawa 186.0 3,296.0 Noteć 6 9
Wda 198.0 2,325.0 Vistula 7 13
Total 67 198
Large rivers
Noteć 391.0 17,330.0 Warta 3 5
Warta 808.0 54,529.0 Oder 8 18
Oder 854.0 118,861.0 Szczecin Lagoon 8 22
Vistula 1,047.0 194,424.0 Gulf of Gdańsk 10 46
Szczecin 
Lagoon
- - - 5 11
Total 34 102
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3.3. Environmental data
For each vegetation sample the following data were collected:
 ■ longitude and latitude of the mid-point of the relevé, as read in decimal degrees (DD 
format) from a Garmin GPSMap 60CSX GPS receiver;
 ■ riverbed width (m), distance between the vegetation sample and the riverbed (m), and 
sample elevation (m) above the instantaneous river water level, which were all measured 
with a GLM 250 VF laser device;
 ■ degree of shading estimated using a 3-point scale: 1 – no shading (full light); 2 – light 
shading; and 3 – strong shading;
 ■ geomorphology (slope angle and aspect in degrees; in case of flat banks, the aspect indicated 
the direction that the vegetation sample was facing toward the river);
 ■ water regime (presence of headwater seeps, traces of summer flooding, and drainage 
ditches), and flow rate as estimated using a 5-point scale, based on Jusik et al. [108]: 1 – no 
perceptible flow; 2 – smooth flow; 3 – rippled flow; 4 – standing waves; and 5 – chute;
 ■ natural potential vegetation cartographic units from the map at a scale of 1:300,000 developed 
by Matuszkiewicz [109]; the nomenclature of the units followed that of the map legend;
 ■ adjacent vegetation facing the riverbed on one side and the bank and land on the other, 
divided into seven major categories: aquatic communities, rushes, meadows and grasses, 
tall herbs, forests and shrubs, ruderal assemblages, and segetal assemblages;
 ■ the dominant form of land use divided into nine major categories: urban areas, arable land, 
meadows and pastures, shrubs, deciduous forests, coniferous forests, fish culture ponds, 
tourism, and transportation (roads, bridges);
 ■ soil samples (three soil samples collected using Egner’s soil sampler from the plant root 
zone (0–20 cm) were mixed to form a single sample representative of a given vegetation 
sample); each sample was air-dried, crushed, and passed through a set of sieves; the 
physicochemical soil parameters included [110]: (i) organic matter content defined as 
the loss on ignition (LOI) at 550°C (%), used to divide the soils into mineral (LOI below 
10%), mineral-organic (LOI between 10% and 20%), and organic (LOI > 20%); (ii) the 
weight percentage of soil skeleton (over 1 mm diameter) (%); (iii) granulometric composi-
tion (proportion of sand, silt, and clay), as determined using Bouyoucos’s sedimentation 
method with Casagrande’s and Prószyński’s modification; the data obtained were used to 
divide mineral and mineral-organic soils into granulometric categories and agrotechni-
cal weight categories, according to the PSSS [111] classification; (iv) soil pH (in 1 M KCl 
solution), determined potentiometrically; (v) soil calcium carbonate (CaCO3) content (%), 
determined by Scheibler’s method; (vi) organic carbon (Corg) content (%) determined using 
Tiurin’s method, total nitrogen (Ntot) content (%) determined with Kjeldahl’s method, and 
the C/N ratio; (vii) humus content (%) calculated based on van Bemmelen’s coefficient 
using the formula: %humus = %Corg × 1.724; (viii) the amount of available forms of soil 
nutrients (mg/100 g soil): phosphorus (P2O5) and potassium (K2O) determined using the 
Egner–Riehm method, magnesium (MgO) using Schachtschabel’s method, and calcium 
(CaO) determined spectrophotometrically (Unicam Solar 929) after dissolution in 0.5 M 
HCl; (ix) the assessment of bioavailable phosphorus, potassium, and magnesium in soils 
based on Polish reference standards [112–115]; (x) soil moisture content as hand-felt 
assessed directly in the field using a 4-point scale: 1 – dry; 2 – fresh; 3 – moist; 4 – wet.
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3.4. Statistical analyses
3.4.1. Characteristics of the riparian tall herb fringe communities
Prior to phytosociological analyses, a compilation of alliances, plant associations and com-
munities of the order Convolvuletalia sepium, distinguished in Poland to date, was prepared 
based on: (i) published reviews [36,37,61,68,116]; (ii) monographs on different vegetation 
types, e.g., peat bogs [117], salt marshes [118], or ruderal areas [58,60,119,120]; (iii) publica-
tions dealing with vegetation of certain areas, particularly sections of river valleys, e.g., the 
Vistula [75,121,122], Oder [48,123–125], Warta [76,78,79], lake shores [126,127], mid-field 
ponds [77,81,128], areas granted protection status or those proposed for protection as na-
ture reserves [129–132], and landscape parks [80,133]; as well as (iv) other relevant papers 
[51,82,134–140].
The publications mentioned served as a basis to prepare lists of diagnostic species (charac-
teristic and differential) for individual communities, which were used to identify vegetation 
units (see “Appendix 1”). The syntaxonomic approach of Polish authors was also compared 
with proposals by authors from other European countries, including the original diagnoses 
of individual plant associations [35,57,59,62–67,69–72,141–160], to obtain a general picture 
of the variability of riparian tall herb fringe communities.
For all analyses, cover-abundance data of plants in relevés were transformed from the 
Braun-Blanquet scale into a 1–9 ordinal scale [161] as follows: r = 1; + = 2; 1 = 3; 2 = 5; 3 = 
7; 4 = 8; 5 = 9. Shrub-layer and herb-layer records were merged for every plant species, such 
that each species occurred only once in the dataset [100,116]. The vegetation data yielded 
a matrix of 300 samples consisting of 282 species.
To obtain groups of relevés that were similar in species composition, agglomerative hierarchi-
cal cluster analysis using the average linkage and unweighted pairs of groups (UPGMA) was 
performed with the software MVSP 3.2 [162]. Jaccard’s coefficient as a qualitative and percent 
similarity, as a quantitative similarity measure, were used [163]. Then, two dendrograms were 
compiled according to the strict consensus partitioning principle to achieve a new division of 
relevés, considering the similarity between the two initial classifications [96,164]. Grouped 
this way, the relevés were placed in an analytical table, and communities having the rank of 
an association or subassociation were identified based on prepared lists of diagnostic species 
(see “Appendix 1”), as were those without any syntaxonomic rank. A few floristically aberrant 
relevés were reassigned to the clusters they were most closely related. Subsequently, the units 
distinguished were synthesized into a synoptic table containing data representing the percent 
frequency of individual taxa and their cover-abundance ranges.
Two measures to assess the level of invasion in the tall herb fringe vegetation, as well as 
the particular plant communities were used: invasive alien species richness per sample and 
percentage of invasive flora (a ratio of the number of invasive alien species and the total number 
of species in the sample expressed as a percentage). Community diversity (α-diversity) of the 
samples was determined with the Shannon–Wiener and evenness indices using the MVSP 
3.2 software [162]. Then, the significance of differences among plant community richness 
and diversity, as well as the moss layer cover and the level of invasion was tested with the 
nonparametric Kruskal–Wallis test [165] and post hoc comparisons of mean ranks of all pairs 
of groups using STATISTICA ver. 10 software [166].
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3.4.2. Characteristics of environmental conditions
The environmental data were imported into STATISTICA ver. 10 software [166] and the basic 
descriptive statistics (arithmetic mean, median, minimum and maximum values, standard 
deviation, coefficient of variation, and skewness) were calculated for all relevés together, as 
well as for relevés grouped by: (i) river size and (ii) plant community. Statistical analyses were 
applied to those groups that were represented by five and more samples. The Shapiro–Wilk test 
was used to test for normality of the environmental data distribution. Because of deviations 
from normality, the nonparametric ANOVA equivalents (Kruskal–Wallis test and the median 
test, with post hoc comparisons of mean ranks of all pairs of groups) for plant communities 
and the Mann–Whitney U test for river size were used to test for significance of differences 
between the groups. Relationships between various environmental variables were explored 
using Spearman rank correlations [165].
3.4.3. Patterns of species and sample distribution
The general vegetation patterns were analyzed based on ordination with the software package 
CANOCO 4.5 [167]. The detrended correspondence analysis (DCA), an indirect ordination 
method, was applied using detrending species data by segments to determine unimodality of 
species responses along the ordination axes. The environmental gradient length was expressed 
in species turnover standard deviation units (SD). Subsequently, DCA diagrams were plotted 
to explore major variation in species composition because the dataset required a unimodal 
response model [163,168].
The canonical correspondence analysis (CCA) was used to detect patterns of variation in 
the species data “best” explained by the environmental variables. Because CANOCO centers 
and standardizes the data, environmental variables expressed in different units were used 
simultaneously [168]. Ordinal variables, such as the river size, degree of shading, soil moisture, 
and water flow rate were treated as quantitative [169]. Each nominal response variable was 
represented by a series of dummy variables (categories) arranged in a presence/absence data 
matrix. To include adjacent vegetation facing both the riverbed and the bank and land, fuzzy 
coding [167] was applied. A total of 27 environmental variables (Tab. 2), including seven 
nominal and binary, represented by a total of 38 categories, were entered into the CCA. Three 
variables, namely humus, organic carbon, and total nitrogen content, were excluded from 
the analysis because they were almost perfectly correlated with the organic matter content 
(LOI) and with each other and produced high variance inflation factors (VIFs) [170].
The pattern of species and sample distribution along the environmental variable gradients 
were analyzed based on the resultant CCA ordination diagrams [163]. To determine whether 
the “arch effect” in CCA masked some of the results, the detrended canonical correspondence 
analysis (DCCA) was also performed using detrending species data by second polynomials 
[167]. Statistical significance and relative importance of variables in variation of the vegeta-
tion were tested by the Monte Carlo permutation test with 499 unrestricted permutations, 
and the forward selection of environmental variables. Variation in the vegetation explained 
by all the environmental predictors included in the analysis was calculated from the ratio of 
the sum of all canonical eigenvalues to the value of total variance (total inertia) and expressed 
as a percentage. Variation in the vegetation explained by individual variables was calculated 
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from the ratio of Lambda A (conditional effect of each variable in the model) to the total 
variance and was also expressed as a percentage [167].
The discrepancy between the order of variables sorted based on their conditional effects 
(Lambda A) exercised upon the species data (i.e., the partial effect that depends on the variables 
already selected in the model) and the order achieved by the ordination model using each 
variable as the only explanatory variable (the so-called marginal effect, Lambda 1) results 
from correlations between the environmental variables. Explanatory variables that were 
correlated shared some of their explanatory power, the amount of which could be estimated 
using partial constrained ordinations. Therefore, environmental variables were divided into 
four groups: (i) hydrogeomorphic variables, (ii) soil parameters, (iii) potential and actual 
vegetation, and (iv) land use (Tab. 2), and then the variation partitioning procedure was ap-
plied to calculate the part of the variance explained by each group of factors, after excluding 
the variance explained by all other groups [168].
Finally, the statistically significant variables that best discriminated among the plant com-
munities were identified using the canonical variates analysis (CVA) with CANOCO 4.5. 
Hill’s scaling with focus on inter-species distances was chosen. A permutation test was used 
to determine whether the differences between the relevé groups were statistically significant 
[167].
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4. Results
4.1. Cluster analysis and identification of plant 
communities of the order Convolvuletalia sepium
The dendrogram (Fig. 2) resulting from the agglomerative hierarchical classification with 
quantitative comparisons of relevés exhibited five main clusters (A–E). Cluster A had the largest 
number of relevés (139) and was clearly divided into six subclusters defined as A1, A2, A3, 
A4, A5, and A6. Subclusters A4 (30 relevés) and A5 (19 relevés) were assigned to the Epilobio 
hirsuti-Convolvuletum sepium and Soncho palustris-Archangelicetum litoralis, respectively, on the 
basis of significant coverage of diagnostic species (Appendix 1), i.e., Epilobium hirsutum in the 
first association and Angelica archangelica subsp. litoralis in the other. Subcluster A6 contained 
two vegetation samples dominated by Cirsium arvense, which were assigned to the Cirsium 
arvense community. Subclusters A2 (two relevés) and A3 (11 relevés) had samples dominated 
by alien plants, being Helianthus tuberosus and Impatiens glandulifera, respectively, which 
belong to neophytes forming their own plant communities (Helianthus tuberosus community, 
Impatiens glandulifera community). Based on the numerical classification of both subclusters 
and the comparison of the two dendrograms (Fig. S1), four relevés from Subcluster A3 could 
be assigned to the native plant communities, Eupatorietum cannabini typicum (two relevés) 
and aegopodietosum (one relevé), and Epilobio hirsuti-Convolvuletum sepium (one relevé), 
because their diagnostic species (Appendix 1) were still present and quite abundant.
A1a A1b A1c A2 A3 A4 A5 A6 B1b B1c B2a B2b B2c C1 C2 D E1 E2B1a
A1 A2 A3 A4 A5 A6
A B C D E
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Fig. 2 Cluster analysis of riparian tall herb fringe communities of the order Convolvuletalia sepium 
from NW Poland.
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Subcluster A1 (75 relevés) was further divided into three subsets of samples, namely A1a 
(three relevés), A1b (70 relevés), and A1c (two relevés); however, their identification with 
particular syntaxa was not clear. Based on the numerical classification and the comparison 
of the two dendrograms (Fig. S2), as well as the lists of diagnostic species (Appendix 1), four 
main plant communities were distinguished: Urtico-Convolvuletum sepium typicum (11 relevés) 
and aegopodietosum (31 relevés), both syntaxa dominated by Urtica dioica and Calystegia 
sepium, the latter subassociation with additional participation of Aegopodium podagraria 
and Lamium maculatum; the Urtica dioica community (15 relevés), characterized by the lack 
of Calystegia sepium and the total domination of nettle; the Convolvulo sepium-Cuscutetum 
europaeae aegopodietosum (13 relevés) with constant presence of Cuscuta europaea, as well 
as Aegopodium podagraria and Lamium maculatum. Additionally, based on characteristic 
species (Appendix 1), four relevés were assigned to Soncho palustris-Archangelicetum litoralis 
and one relevé to Eupatorietum cannabini aegopodietosum. These five relevés were linked to 
Cluster A1 because of a significant contribution of Urtica dioica and Calystegia sepium and 
the lower abundance of species characteristic of the associations they represent.
Cluster B, containing 102 relevés, was the second largest cluster in the dataset. It was 
divided into two main subclusters defined as B1 and B2 (Fig. 2). Subcluster B1 contained 
92 relevés. It was further divided into three subsets defined as B1a (46 relevés), B1b (42 rele-
vés), and B1c (four relevés). Based on the numerical classification of subcluster B1a (Fig. S3) 
and the lists of diagnostic species (Appendix 1), two main associations were distinguished: 
Convolvulo sepium-Cuscutetum europaeae with two subassociations, i.e., typicum (19 relevés) 
and aegopodietosum (four relevés), both syntaxa with Cuscuta europaea as the characteristic 
species of the association, and the latter with the additional presence of species from the 
Aegopodion podagrariae alliance and that of Achilleo salicifoliae-Cuscutetum lupuliformis 
(21 relevés), with Cuscuta lupuliformis and Achillea salicifolia as the species characteristic 
of the association. Additionally, on the basis of dominant species and the lack of diagnostic 
species, one relevé was assigned to the Rubus caesius community and one relevé was assigned 
to that of Urtico-Convolvuletum sepium typicum.
The numerical classification of the two other subclusters, B1b and B1c (Fig. S4), allowed to 
distinguish five main plant communities: Senecionetum fluviatilis (nine relevés) with significant 
cover of Senecio fluviatilis as the characteristic species (Appendix 1); the Fallopio-Cucubaletum 
bacciferi (nine relevés) characterized by the constant and abundant presence of Cucubalus 
baccifer as the characteristic species; the Rubus caesius community (three relevés) character-
ized by the lack of diagnostic species and the total domination of Rubus caesius; the Solidago 
gigantea community (nine relevés), which was totally dominated by the name-giving invasive 
neophyte; and Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi subass. nov. 
(15 relevés) with Cuscuta europaea as species characteristic of the association and additional 
participation of Chaerophyllum bulbosum, which gives this community specific physiognomy 
and makes it different from the previously described subassociations (Appendix 1). Addition-
ally, one relevé was characterized by the lack of Chaerophyllum bulbosum and was assigned 
to Convolvulo sepium-Cuscutetum europaeae typicum; this relevé was linked to Subcluster 
B1b because of a small amount of Solidago gigantea, the species present in all the relevés of 
this subcluster and, in turn, absent in Subcluster B1a.
Subcluster B2 groups 10 relevés further divided into three subsets of samples, namely B2a 
(five relevés), B2b (two relevés), and B2c (three relevés), exhibiting a low level of similarity 
with Subcluster B1 in terms of species composition (Fig. 2). Moreover, Subclusters B2a and B2c 
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floristically clearly refer to Subcluster A1. Based on the numerical classification of Subcluster 
B2 and the comparison of the two dendrograms (Fig. S5), Subcluster B2b with two relevés 
and dominated by Fallopia dumetorum was classified as the Fallopia dumetorum community 
and one relevé from B2a dominated by Rubus caesius was classified as the Rubus caesius com-
munity. The next two relevés were assigned to the Convolvulo sepium-Cuscutetum europaeae 
aegopodietosum because of the presence of Cuscuta europaea as the characteristic species of 
the association and Aegopodium podagraria and Lamium maculatum as the diagnostic species 
of the subassociation (Appendix 1). Two relevés were assigned to the Urtico-Convolvuletum 
sepium aegopodietosum based on the dominance of Urtica dioica and Calystegia sepium, as 
well as the presence of Aegopodium podagraria and Lamium maculatum, whereas the last 
three relevés, which were characterized by the lack of Calystegia sepium, were classified as 
the Carduus crispus community (two relevés) and the Urtica dioica community (one relevé) 
based on the dominant species.
The relevés grouped into Cluster C (Fig. 2) were distinct because of the abundance of 
Eupatorium cannabinum, a species characteristic of the Eupatorietum cannabini association. 
This cluster was clearly divided into two subclusters defined as C1 (28 relevés) and C2 (seven 
relevés). Based on the numerical classification and the comparison of the two dendrograms 
(Fig. S6), two subassociations (one typical and the other with Aegopodium podagraria) were 
distinguished within Subcluster C1. In turn, Subcluster C2 was referred to a new subassocia-
tion, the Eupatorietum cannabini cardaminetosum amarae subass. nov., because of the specific 
species composition. Cluster D contained two relevés, both dominated by the alien species 
Reynoutria japonica, and was therefore assigned to the Reynoutria japonica community. 
Finally, Cluster E was divided into two subclusters, namely E1 (15 relevés) and E2 (seven 
relevés), which represented two specific plant communities: the Rubus idaeus community 
and the Galeopsis speciosa community, respectively.
Considering the results of the numerical classification, riparian tall herb fringe communi-
ties identified in northwestern Poland were included into the syntaxonomic system in the 
following way:
Class Epilobietea angustifolii Tx. et Preising ex von Rochow 1951
Order Convolvuletalia sepium Tx. ex Moor 1958
Reynoutria japonica community (Convolvuletalia sepium)
Rubus idaeus community (Convolvuletalia sepium)
Galeopsis speciosa community (Convolvuletalia sepium)
Alliance Senecionion fluviatilis Tx. ex Moor 1958
Senecionetum fluviatilis Müller ex Straka in Mucina 1993
Fallopio-Cucubaletum bacciferi Passarge 1976
Achilleo salicifoliae-Cuscutetum lupuliformis Tx. ex Passarge 1993
Convolvulo sepium-Cuscutetum europaeae Tx. ex Lohmeyer 1953
C.s.-C.e. chaerophylletosum bulbosi Myśliwy subass. nov. hoc loco
C.s.-C.e. typicum Kopecký 1969
C.s.-C.e. aegopodietosum Lohmeyer 1975
Rubus caesius community (Senecionion fluviatilis)
Fallopia dumetorum community (Senecionion fluviatilis)
Solidago gigantea community (Senecionion fluviatilis)
Alliance Archangelicion litoralis Scamoni et Passarge 1963
Urtico-Convolvuletum sepium Görs et Müller 1969
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U.-C.s. typicum Görs 1974
U.-C.s. aegopodietosum Görs 1974
Soncho palustris-Archangelicetum litoralis Tx. 1937
Epilobio hirsuti-Convolvuletum sepium Hilbig et al. 1972
Eupatorietum cannabini Tx. 1937
E.c. typicum Görs 1974
E.c. aegopodietosum Görs 1974
E.c. cardaminetosum amarae Myśliwy subass. nov. hoc loco
Cirsium arvense community (Archangelicion litoralis)
Carduus crispus community (Archangelicion litoralis)
Urtica dioica community (Archangelicion litoralis)
Impatiens glandulifera community (Archangelicion litoralis)
Helianthus tuberosus community (Archangelicion litoralis)
4.2. Description of plant communities
The riparian tall herb fringe communities of the order Convolvuletalia sepium contained 
on average 16 species per vegetation sample plot, ranging from 5 to 31 species. The Shan-
non–Wiener index averaged 3.77 (range: 2.1–4.77) and the evenness index was relatively 
high (average: 0.95). Statistically significant differences in the number of species were found 
between the vegetation samples from large rivers and the more species-poor samples from 
small rivers. Similarly, the respective Shannon and evenness indices differed significantly as 
well, being higher for large rivers. Between-community comparisons of species richness and 
diversity revealed significant differences between Urtico-Convolvuletum sepium on the one 
hand and Convolvulo sepium-Cuscutetum europaeae and Soncho palustris-Archangelicetum 
litoralis on the other (Fig. 3).
The riparian tall herb fringe communities belonged to multilayered assemblages. The shrub 
layer was absent from more than 80% of vegetation samples. In more than 10% of samples, 
the shrub layer attained coverage as small as 5%, and the maximum shrub layer coverage 
was 35%. The herb layer often covered 100% of the relevé area, with 85–95% coverage being 
less common. The communities studied were characteristic in their herb layer, which was 
subdivided into two or three sublayers differing in height. In 70% of vegetation sample plots, 
the moss layer was absent. In approximately 20% of samples, mosses covered 5–10% of the 
relevé area. There were also individual riparian tall herb fringe vegetation samples with the 
moss layer covering 50% and more of the relevé area. Additionally, a significant difference 
in the moss layer coverage was found between vegetation samples from large river valleys 
and those from small rivers where the coverage was greater (Fig. 3). A comparison between 
plant communities revealed a significant difference between the Eupatorietum cannabini and 
Convolvulo sepium-Cuscutetum europaeae; the moss layer coverage in the latter vegetation 
unit was lower. Vegetation samples with both the shrub and moss layers and two or three 
herbaceous sublayers were relatively rare (5% of samples).
Of the 282 species recorded in the riparian tall herb fringe communities in northwestern 
Poland, 27 (9.6%) are species alien to the natural flora of this area, including 11 archaeophytes, 
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i.e., plants which arrived and established themselves before the end of the fifteenth century 
(46 records) and 16 neophytes, i.e., plants which arrived and established themselves after the 
fifteenth century (169 records). Vegetation samples contained from zero to five alien species 
(average 0.7). All alien species occurred in a total of 128 relevés, which represented 42.7% 
of all samples. The most frequently recorded archaeophytes included Fallopia convolvulus, 
Silene alba, and Lactuca serriola, which were recorded in 13, 12, and 10 relevés, respectively. 
Neophytes were more common, with the most common being Solidago gigantea, recorded 
in 37 relevés.
4.2.1. Senecionetum fluviatilis Müller ex Straka in Mucina 1993 (Se) (Fig. 4)
Syn.: Senecionetum fluviatilis (Zahlheimer 1979) T. Müller in Oberdorfer et al. 1983. Incl.: 
“Flussgreiskraut-Schleier-Gesellschaft” Runge 1975, Senecio fluviatilis-Gesellschaft Zahlheimer 
1979.
Floristic composition, physiognomy, and structure. This vegetation unit grouped 12–21 spe-
cies per sample (average 15). The shrub layer was sporadic and hardly compact, the moss 
layer being absent altogether. The herb layer frequently covered 100% of the sample area and 
consisted of two or three sublayers. The highest sublayer was approximately 150 cm tall, and 
was composed of Senecio fluviatilis and Urtica dioica, Cirsium arvense, Scrophularia nodosa, 
and Carduus crispus. The most frequent grasses were: Elymus repens, Phalaris arundinacea, 
Poa palustris, and Bromus inermis. The middle sublayer was 50–70 cm tall, and was dominated 
by Rubus caesius. The lowest herb sublayer was formed mostly by Glechoma hederacea. The 
creepers, such as Calystegia sepium, Galium aparine, Humulus lupulus, Cuscuta europaea, 
Cucubalus baccifer, were also an important component of the community.
The Senecionetum fluviatilis association was often invaded by Solidago gigantea, a species 
being present in 78% of samples representing this association, and occasionally attaining 
fairly extensive coverage (Se in Tab. 3).
Conditions of occurrence. The community most often occurred on sunny or slightly shaded 
sites. The riverbanks were flat or sloping (to 30°), 2.5–4.5 m high, facing east, northwest, or 
southeast. The vegetation samples were collected 1–20 m away from the riverbed, within 
a reach of the natural potential vegetation unit Salici-Populetum. The soils were mineral, 
Fig. 3 Box and whisker plots of species richness and diversity in riparian tall herb fringe communities 
of the order Convolvuletalia sepium in NW Poland: comparison of small (1) and large (2) rivers as well 
as individual plant communities. The box length is the interquartile range; small squares indicate the 
median; circles represent outlier values; crosses reflect extreme values. Results of Mann–Whitney U (Z and 
p values) and Kruskal–Wallis (H and p values) tests are given. Complete names of plant communities: 
Se – Senecionetum fluviatilis; FC – Fallopio-Cucubaletum bacciferi; AC – Achilleo salicifoliae-Cuscutetum 
lupuliformis; CC – Convolvulo sepium-Cuscutetum europaeae; Rc – Rubus caesius community; So – Soli-
dago gigantea community; UC – Urtico-Convolvuletum sepium; SA – Soncho palustris-Archangelicetum 
litoralis; EC – Epilobio hirsuti-Convolvuletum sepium; Eu – Eupatorietum cannabini; Im – Impatiens 
glandulifera community; Ur – Urtica dioica community; Ri – Rubus idaeus community; Gs – Galeopsis 
speciosa community.
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alkaline, moist or fresh, most often being light or sandy loams. Arable land or shrubs were the 
dominant land use forms. Riverward, vegetation samples were most often in contact with other 
tall herb fringe communities, with the communities dominated by Calamagrostis epigejos or 
Salix viminalis. Landward, samples neighbored weedy communities in grain crops, riparian 
forests of Salicion albae, Salix viminalis shrubs, or ruderal vegetation.
Distribution in northwestern Poland. The Vistula River valley.
4.2.2. Fallopio-Cucubaletum bacciferi Passarge 1976 (FC) (Fig. 5)
Incl.: Cucubalus-Polygonum dumetorum-Gesellschaft Passarge 1965.
Floristic composition, physiognomy, and structure. Samples of this vegetation unit contained 
from 8 to 22 plant species (average: 14). The shrub layer was very rare. When occurring, it 
was poorly compacted. The moss layer was absent. The herb layer most frequently covered 
100% of the relevé area and was divided into two or three sublayers. The highest herb sublayer 
(140–160 cm tall, 200 cm at the maximum) was composed of Urtica dioica, Chaerophyllum 
bulbosum, Phalaris arundinacea, Elymus repens, and Carduus crispus, as well as the neo-
phyte Solidago gigantea. Rubus caesius, with its creeping stems, formed the middle sublayer 
(50–70 cm tall) and covered up to half of the relevé area. The lowest herb sublayer was most 
often composed of Glechoma hederacea. In addition to Cucubalus baccifer, which attained 
Fig. 4 Senecionetum fluviatilis in Vistula valley (photo M. Myśliwy, 2012-06-30).
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the optimum and largest coverage in this association, the climbing species often included 
Humulus lupulus, Cuscuta europaea, Calystegia sepium, Galium aparine, and sporadically 
Fallopia dumetorum (FC in Tab. 3).
Conditions of occurrence. The vegetation unit occurred on flat or sloping (to 30°), 0.7–3.5(6) 
m high riverbanks, facing east, southeast, or northwest, and experiencing varying degrees 
of shading. The vegetation samples were usually collected 2–20 m away from the riverbed, 
within a reach of the natural potential vegetation unit Salici-Populetum. The soils were mineral, 
alkaline or neutral, fresh, and usually classified as loamy sands and sandy loams. Shrubs and 
arable land were often the dominant land use forms. Riverward, vegetation samples were 
in contact with the Phalaridetum arundinaceae, and less frequently with a riparian forests 
of Salicion albae, whereas landward they were in contact with the riparian willow-poplar 
forests, hygrophilous forms of shrubs of the order Prunetalia spinosae, weedy communities 
in grain crops, and others.
Distribution in northwestern Poland. The Vistula River valley.
Fig. 5 Fallopio-Cucubaletum in Vistula valley (photo M. Myśliwy, 2012-07-02).
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4.2.3. Achilleo salicifoliae-Cuscutetum lupuliformis Tx. ex Passarge 1993 (AC) (Fig. 6–Fig. 10)
Syn. Achilleo cartilagineae-Cuscutetum lupuliformis (Hueck 1930) Tx. 1950, Convolvulo-
Rubetum caesii Pass. 1967 sensu Borysiak 1994, Achilleo salicifoliae-Cuscutetum lupuliformis 
Tx. ex Brzeg et Wojterska 2001.
Floristic composition, physiognomy, and structure. This vegetation unit consisted of 
10–24 plant species per sample (average 18). The shrub layer, which was fairly common 
(45% of the relevés, 5–35% of cover), was mainly composed of Salix viminalis and S. fragilis, 
and seldom of S. purpurea or Ulmus laevis. A moss layer was not recorded. In the herb layer, 
the highest coverage was typical of medium-tall (50–70 cm) plants, including Rubus caesius, 
Stachys palustris, Achillea salicifolia, Atriplex prostrata subsp. latifolia, Bidens frondosa, Vicia 
cracca, Erysimum cheiranthoides, Rorippa palustris, and Galium elongatum. The highest (usually 
110–170 cm tall) herb sublayer was formed by Urtica dioica, Phalaris arundinacea, Elymus 
repens, Artemisia vulgaris, Carduus crispus, and Calamagrostis epigejos. Glechoma hederacea 
formed the lowest herb sublayer. Creeping plants, which included Calystegia sepium, Cuscuta 
lupuliformis, Galium aparine, Fallopia dumetorum, and less frequently Cuscuta europaea, as 
well as the invasive Echinocystis lobata, were an important component of the community 
(AC in Tab. 3).
Conditions of occurrence. The community occurred on flat or sloping (15–30°) riverbanks, 
most often less than 1 m high, facing usually southwest or north. The sites were fully sunlit, 
or occasionally lightly shaded. The vegetation samples were encountered 2–20 (40) m away 
from the riverbed, within a reach of the natural potential vegetation unit Salici-Populetum. The 
soils were mineral or mineral-organic, neutral or slightly acidic, fresh, and most often loamy 
or slightly loamy sands. Shrubs or meadows and pastures usually were the dominant land use 
forms. Riverward, vegetation samples most often were in contact with the riparian willow 
forests, summer therophytes of the class Bidentetea, or rushes (Phalaridetum arundinaceae, 
Phragmitetum australis). Landward, they adjoined the Phalaridetum arundinaceae, other tall 
herb fringe communities, ruderal communities, and others.
Distribution in northwestern Poland. Valleys of the Warta, Oder, Noteć, and Vistula 
rivers.
4.2.4. Convolvulo sepium-Cuscutetum europaeae Tx. ex Lohmeyer 1953 (CC)
Syn.: Convolvulo sepium-Cuscutetum europaeae Tx. 1947, Cuscuto-Calystegietum sepium (Tx. 
1947) Passarge 1976.
This vegetation unit occurred primarily in warm microhabitats of lowland river valleys. This 
was one of the most common communities of the riparian fringe herbs in northwestern Poland. 
The association was divided into three subassociations (CCh, CCt, and CCa in Tab. 3):
 ■ Convolvulo sepium-Cuscutetum europaeae Tx. ex Lohmeyer 1953 chaerophylletosum 
bulbosi Myśliwy subass. nov. hoc loco (CCh) (Fig. 11, Fig. 12). Type: Tab. 4, Relevé 
6 holotypus hoc loco. Differential species of subassociation: Chaerophyllum bulbosum 
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Fig. 7 Achilleo salicifoliae-Cuscutetum lupuliformis in Warta valley (photo M. Myśliwy, 2013-07-24).
Fig. 6 Achilleo salicifoliae-Cuscutetum lupuliformis in Warta valley (photo J. Myśliwy, 2011-08-23).
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Fig. 8 Achilleo salicifoliae-Cuscutetum lupuliformis in Warta valley (photo M. Myśliwy, 2012-07-10).
Fig. 9 Achilleo salicifoliae-Cuscutetum lupuliformis in Warta – the same patch as above 1 year 
later, with larger cover of Cuscuta species (photo M. Myśliwy, 2013-07-24).
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(transgr. Acer negundo, Rumex confertus). Floristic composition, physiognomy, and 
structure: Plant community with 12–25 species per relevé (the mean species richness 
exceeded 17). The shrub layer, covering 5–10%, occurred sporadically and was composed 
of, inter alia, Salix viminalis, Ulmus laevis, Viburnum opulus, and Prunus spinosa. The 
moss layer was absent. This subassociation was distinct because of the permanent and 
abundant presence of Chaerophyllum bulbosum and the intrusion of neophytes typical 
of large river valleys: Solidago gigantea, Acer negundo, and Rumex confertus. In addition 
to C. bulbosum and S. gigantea, the highest herb sublayer (140–200 cm) was composed 
of Urtica dioica, Carduus crispus, Cirsium arvense, Phalaris arundinacea, and Elymus 
repens, and less frequently Artemisia vulgaris, Scrophularia nodosa, Calamagrostis epigejos, 
Tanacetum vulgare, and Bromus inermis. The middle sublayer (50–70 cm) featured Rubus 
caesius, Stachys palustris, Symphytum officinale, Vicia cracca, Erysimum cheiranthoides, 
and Bidens frondosa. The lowest sublayer was composed mostly of Glechoma hederacea. 
Characteristic components were the climbers Cuscuta europaea, C. lupuliformis, Humulus 
lupulus, Calystegia sepium, and Galium aparine (CCh in Tab. 3, Tab. 4). Conditions of oc-
currence: The community most often occurred on sunlit, flat, and relatively high (1–4.5 m) 
banks, facing southeast, east, or northwest. Vegetation samples were taken 2–25 m away 
from the riverbed, within a range of the natural potential vegetation unit Salici-Populetum. 
The soils were mineral, neutral or alkaline, moist or fresh, usually being sandy or light 
loams. Shrubs and arable land were most often the dominant land use forms. From the 
river, the samples were adjacent to rushes (Phalaridetum arundinaceae), the Salix viminalis 
community, willow or poplar carrs, and others. Landward they adjoined other tall herb 
fringe communities, rushes, and willow shrubs and carrs. Distribution in northwestern 
Poland: The Vistula River valley.
Fig. 10 Achilleo salicifoliae-Cuscutetum lupuliformis in Noteć valley (photo M. Myśliwy, 2013-07-25).
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Fig. 11 Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi subass. nov. in 
Vistula valley (photo J. Myśliwy, 2012-07-02).
Fig. 12 Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi subass. nov. in 
Vistula valley (photo M. Myśliwy, 2012-07-02).
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 ■ Convolvulo sepium-Cuscutetum europaeae Tx. ex Lohmeyer 1953 typicum Kopecký 
1969 (CCt) (Fig. 13, Fig. 14). Floristic composition, physiognomy, and structure: The 
samples of the typical subassociation contained 10–23 plant species (the mean number 
exceeded 17). In approximately 25% of relevés the shrub layer was present and covered 
5–20% of the area, and consisted primarily of Salix fragilis. The moss layer was absent. The 
herb layer covered 85–100% of the relevé area, with a maximum mean height of 170 cm; 
however, there were two or three sublayers differing in height. Compared to the previously 
described subassociation, Echinocystis lobata was more frequent, and accompanied by 
Myosoton aquaticum, Atriplex prostrata subsp. latifolia, and Poa trivialis (CCt in Tab. 3). 
Some of the phytocoenoses were devoid of the greater dodder (Cuscuta europaea), in 
which case Phragmites australis, Bromus inermis, Poa trivialis, Carduus crispus, Artemisia 
vulgaris, Melandryum album, Humulus lupulus, and Galium aparine were more frequent. 
Conditions of occurrence: The community was recorded on sunlit, flat, or tilted (to 45°) 
slopes facing south, southwest, southeast, and other directions. Vegetation samples were 
elevated on average 1 m above the river water level and occurred from 1 to 30 m away 
from the riverbed, within a range of the natural potential vegetation unit Salici-Populetum, 
and less frequently that of Fraxino-Alnetum or Ficario-Ulmetum typicum. The soils were 
mineral and mineral-organic, neutral and less frequently slightly acidic or alkaline, fresh 
or less frequently moist, usually loamy sands, slightly loamy sands, or sandy loams. The 
dominant land use forms were shrubs or meadows and pastures. Riverward, the samples 
most often adjoined rushes (Phragmitetum australis, Phalaridetum arundinaceae) and less 
frequently the riparian willow forests or the Salix viminalis shrubberies. The landward side 
was adjacent to fresh or moist meadow communities, tall herbs, ruderal plants, and other 
plant communities. Distribution in northwestern Poland: Valleys of the rivers Warta, 
Oder, Vistula, Ina, and Noteć, and the Szczecin Lagoon.
 ■ Cuscuto europaeae-Convolvuletum sepium Tx. ex Lohmeyer 1953 aegopodietosum 
Lohmeyer 1975 (CCa) (Fig. 15, Fig. 16). Floristic composition, physiognomy, and 
structure: The relevés of this subassociation included 13–23 species (mean number 
exceeded 17). More than 20% of the relevés featured a shrub layer with Salix viminalis or 
S. fragilis. More than 35% of the relevés had a moss layer covering 5–10% of the surface 
area and composed mainly of Brachythecium rivulare, B. rutabulum, B. oedipodium, and 
Eurhynchium hians. The vegetation unit was distinct because of the presence of Lamium 
maculatum, Aegopodium podagraria, and Heracleum sphondylium subsp. sibiricum. However, 
it lacked some important species from the Senecionion fluviatilis alliance: Stachys palustris, 
Erysimum cheiranthoides, Bidens frondosa, Bromus inermis, and Calamagrostis epigejos, 
with Rubus caesius occurring rarely. Conversely, Galeopsis speciosa, Stellaria nemorum, 
Cirsium oleraceum, and Filipendula ulmaria occurred fairly frequently (CCa in Tab. 3). 
Conditions of occurrence: The community occurred on flat or tilted (to 45°) slopes facing 
different directions (mostly west, northeast, and northwest), and were sunlit or somewhat 
shaded. Vegetation samples usually did not protrude above the river water level more 
than 1 m. They were recorded at a distance from 0 to 7 m away from the riverbed, within 
a range of the natural potential vegetation unit Fraxino-Alnetum, and less frequently 
that of Carici elongatae-Alnetum or Stellario-Carpinetum. The soils were mineral and 
mineral-organic, slightly acidic or acidic, fresh or moist, usually being slightly loamy or 
loamy sands. The dominant types of land use were shrubs or meadows and pastures. On 
the river side, vegetation samples adjoined aquatic communities, rushes (Phragmitetum 
Myśliwy / Diversity and environmental variability of riparian tall herb fringe communities
35© The Author(s) 2019 Published by Polish Botanical Society Monogr Bot 108
Fig. 13 Convolvulo sepium-Cuscutetum europaeae typicum in Warta valley (photo M. Myśliwy, 
2012-07-10).
Fig. 14 Convolvulo sepium-Cuscutetum europaeae typicum in Ina valley (photo M. Myśliwy, 
2013-08-10).
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Fig. 15 Convolvulo sepium-Cuscutetum europaeae aegopodietosum in Parsęta valley (photo 
M. Myśliwy, 2011-06-24).
Fig. 16 Convolvulo sepium-Cuscutetum europaeae aegopodietosum in Prusina valley (photo 
M. Myśliwy, 2009-07-16).
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australis, Phalaridetum arundinaceae, and Sparganietum erecti), or less frequently, shrubs 
of Salix viminalis, S. cinerea, or Alnus glutinosa. Landward they were in contact with fresh 
or moist meadows, willow shrubberies, and alder carrs. Distribution in northwestern 
Poland: Valleys of the rivers Ina, Krąpiel, Słupia, Łeba, Parsęta, Radew, and Prusina.
4.2.5. Rubus caesius community (Senecionion fluviatilis) (Rc) (Fig. 17)
Floristic composition, physiognomy, and structure. This vegetation unit contained on aver-
age 17 plant species per sample (range 10–25). Floristically, the community was similar to the 
Achilleo salicifoliae-Cuscutetum lupuliformis and Convolvulo sepium-Cuscutetum europaeae 
associations, but its structure was simplified because it lacked a shrub layer, the moss layer 
occurred sporadically, and the herb layer, which usually consisted of only two sublayers, 
covered 90–100% of the relevé area. In addition to the dominant Rubus caesius, the most 
frequent taxa included Calystegia sepium, Urtica dioica, Humulus lupulus, Galium aparine, 
Phalaris arundinacea, Phragmites australis, Lysimachia vulgaris, Vicia cracca, and Dactylis 
glomerata, whereas Cuscuta lupuliformis and C. europaea were missing, as were some other 
species important in the Senecionion fluviatilis alliance: Stachys palustris, Atriplex prostrata 
subsp. latifolia, Fallopia dumetorum, and Bromus inermis (Rc in Tab. 3).
Conditions of occurrence. The community occurred on sunny or slightly shaded sites. The 
riverbanks were flat or sloping (10–15°), slightly elevated, facing east, northwest, or northeast. 
Fig. 17 Rubus caesius community in Oder valley, after early summer flood (photo M. Myśliwy, 
2010-07-03).
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The vegetation samples were collected 3–50 m away from the riverbed, within a reach of the 
natural potential vegetation units Salici-Populetum or Fraxino-Alnetum. The soils were mineral 
and mineral-organic; slightly acidic, neutral, or alkaline; fresh, usually being sandy loams, 
loamy sands, and loose sands. The dominant land use forms were meadows and pastures or 
shrubs, transportation, and tourism. Riverward, vegetation samples were most often in con-
tact with trampling communities, rushes (Caricetum ripariae, Phalaridetum arundinaceae), 
or riparian willow forests, whereas landward they were in contact with the Phragmitetum 
australis and Salix viminalis shrubs and others.
Distribution in northwestern Poland. Valleys of the rivers Oder, Vistula, and Piaśnica.
4.2.6. Fallopia dumetorum community (Senecionion fluviatilis) (Fa) (Fig. 18)
Two vegetation samples (Fa in Tab. 5), found in the Vistula River valley were characterized by 
the dominance of Fallopia dumetorum, accompanied by Humulus lupulus, Carduus crispus, 
Artemisia vulgaris, Galeopsis bifida, Erysimum cheiranthoides, Chenopodium album, and Conyza 
canadensis. The community was recorded on sunny, flat riverbanks, facing east. Vegetation 
samples were elevated 5–6 m above the river water level, occurred 0 and 5 m away from the 
riverbed, and within a range of the natural potential vegetation unit Salici-Populetum. Soils 
were mineral, alkaline, fresh, and classified as loamy and loose sands. They adjoined summer 
therophytes of the class Bidentetea and other tall herb fringe communities.
Fig. 18 Fallopia dumetorum community in Vistula valley (photo M. Myśliwy, 2012-07-04).
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4.2.7. Solidago gigantea community (Senecionion fluviatilis) (So) (Fig. 19)
Floristic composition, physiognomy, and structure. This vegetation unit contained 14–21 plant 
species per sample (average number exceeded 16). The sparse shrub layer covered 5–10%, 
whereas the moss layer was absent. The herb layer covered 95–100% of the relevé area and 
was divided into two or three sublayers. The neophyte Solidago gigantea, a dominant of the 
highest sublayer (130–190 cm) was accompanied by Urtica dioica, Cirsium arvense, Cala-
magrostis epigejos, and Elymus repens, and in the middle sublayer (50–90 cm) by Poa palustris, 
Vicia cracca, Erysimum cheiranthoides, and Stachys palustris. The lowest herb sublayer was 
most often composed of Glechoma hederacea. A permanent component of the unit were the 
creepers Humulus lupulus, Galium aparine, and Calystegia sepium (So in Tab. 3). The floristic 
composition of relevés in large river valleys differed from those recorded in small river valleys. 
The first group also contained Rubus caesius, Scrophularia nodosa, Cucubalus baccifer, Senecio 
fluviatilis, Chaerophyllum bulbosum, and Cuscuta europaea, whereas those from small rivers 
supported Stellaria nemorum, Filipendula ulmaria, Epilobium hirsutum, and Eupatorium 
cannabinum, with Calystegia sepium exhibiting higher coverage.
Conditions of occurrence. The community occurred on slightly shaded sites. The riverbanks 
were flat and facing east, less frequently northeast, and had varying height. The vegetation 
samples were collected 0–20 m away from the riverbed, within a range of the natural potential 
vegetation unit Salici-Populetum; however, in small river valleys this was the Fraxino-Alnetum, 
Stellario-Carpinetum, or Fago-Quercetum unit. The soils were mineral, alkaline, moist, or fresh, 
usually classified as loamy sands. The dominant land use forms were arable land, with more 
Fig. 19 Solidago gigantea community in Vistula valley (photo M. Myśliwy, 2012-07-03).
Myśliwy / Diversity and environmental variability of riparian tall herb fringe communities
40© The Author(s) 2019 Published by Polish Botanical Society Monogr Bot 108
seldom meadows and pastures and others. Riverward, vegetation samples were most often 
in contact with Salix viminalis shrubs or the riparian willow forests, whereas landward they 
adjoined weed communities in grain crops, wet meadows, tall herbs, and willow carrs.
Distribution in northwestern Poland. Valleys of the rivers Vistula, Słupia, Łupawa, and 
Krąpiel.
4.2.8. Urtico-Convolvuletum sepium Görs et Müller 1969 (UC)
Syn.: Urtico-Calystegietum sensu auct. Incl.: Urtica dioica-Convolvulus sepium-Gesellschaft 
Lohmeyer 1975.
Floristic composition, physiognomy, and structure. This vegetation unit was very common 
in northwestern Poland and belonged to species-poor riparian fringe herb communities (on 
average 14 plant species per sample, range 7–25). The shrub layer was sporadic. When it oc-
curred, it was composed of Salix fragilis, S. cinerea, S. purpurea, or Ribes nigrum. In 40% of 
relevés, the moss layer was present, and was primarily composed of Plagiomnium undulatum, 
Brachythecium rutabulum, B. oedipodium, B. rivulare, and Eurhynchium hians. The herb 
layer covered 90–100% of the sample area and was divided into two, or less frequently three, 
sublayers. The core of the unit were the lush aggregations of Urtica dioica with Calystegia 
sepium and Galium aparine. Also present were Phragmites australis, Galeopsis speciosa, Cir-
sium arvense, Elymus repens, Filipendula ulmaria, Poa trivialis, Phalaris arundinacea, Carex 
acutiformis, Anthriscus sylvestris, and – in the lowest herb sublayer – Glechoma hederacea. The 
unit differed from the association Convolvulo sepium-Cuscutetum europaeae because of the 
absence of Cuscuta europaea, Rubus caesius, Erysimum cheiranthoides, and Bidens frondosa, 
as well as the distinctly lower occurrence of Fallopia dumetorum, Stachys palustris, and Poa 
palustris. The association was divided into two subassociations (UCt and UCa in Tab. 3):
 ■ Urtico-Convolvuletum sepium Görs et Müller 1969 typicum Görs 1974 (UCt) (Fig. 20). 
The typical subassociation most frequently supported Cirsium arvense, which could occur 
in large patches and form facies. The contributions of Vicia cracca, Lathyrus pratensis, 
Dactylis glomerata, and Iris pseudacorus were more frequent as well, whereas species from 
the Aegopodion podagrariae, as well as the Plagiomnium undulatum, Elymus repens, and 
Carex acutiformis were missing (UCt in Tab. 3). Conditions of occurrence: The com-
munity occurred on sunny or slightly shaded, flat, or tilted (20–40°) slopes facing various 
directions. The vegetation did not protrude above the river water level to more than 1.5 m, 
and the sample distance from the riverbed averaged 8.5 m. Soils were mineral or mineral-
organic, neutral or slightly acidic, fresh or dry, and were usually classified as slightly loamy, 
loamy, or loose sands. Vegetation samples were most often assigned to the natural potential 
vegetation unit Fraxino-Alnetum, and occasionally to the Carici elongatae-Alnetum or 
Stellario-Carpinetum unit. Meadows and pastures, and less frequently deciduous forests, 
shrubs, and transportation, were the dominant land use forms. Riverward the samples 
most often adjoined rushes (Phragmitetum australis, Phalaridetum arundinaceae), and less 
frequently Salix cinerea shrubberies, whereas landward meadows, tall herbs, and ruderal 
communities occurred. Distribution in northwestern Poland: Valleys of the rivers Piaśnica, 
Reda, Płutnica, Oder, Ina, and Myśla, and the Szczecin Lagoon.
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 ■ Urtico-Convolvuletum sepium Görs et Müller 1969 aegopodietosum Görs 1974 (UCa) 
(Fig. 21). This subassociation was distinct because of the presence of Aegopodium podagraria, 
Lamium maculatum, Stellaria nemorum, and Heracleum sphondylium subsp. sibiricum 
(UCa in Tab. 3). Some relevés showed facies-like presence of Humulus lupulus or Carduus 
crispus. The moss layer was more frequent. Conditions of occurrence: The community 
occurred on flat or tilted (10–70°) slopes, experiencing varying degrees of shading and 
facing different directions. The elevation of vegetation samples above the river water level 
did not exceed 2 m. Relevés were taken 0–22 m away from the riverbed, within a range 
of the natural potential vegetation units Carici elongatae-Alnetum or Fraxino-Alnetum, 
occasionally the Stellario-Carpinetum. Soils were mineral, more seldom mineral-organic 
and organic; neutral, slightly acidic, or acidic; fresh or moist, classified as loamy sands, 
slightly loamy sands, or sandy loams. The dominant land use forms were deciduous forests, 
meadows and pastures, or shrubs. On the river side, vegetation samples adjoined aquatic 
communities, rushes (Phragmitetum australis, Phalaridetum arundinaceae, and Glycerietum 
maximae), and more seldom with the Alnus glutinosa community. Landward they were 
in contact with meadows, and less frequently alder carrs. Distribution in northwestern 
Poland: Valleys of the rivers Ina, Myśla, Łeba, Reda, Piaśnica, Wda, Stobnica, Prusina, 
Reczyca, and Oder.
Fig. 20 Urtico-Convolvuletum sepium typicum in Płutnica valley (photo M. Myśliwy, 2009-08-13).
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4.2.9. Soncho palustris-Archangelicetum litoralis Tx. 1937 (SA) (Fig. 22)
Syn.: Convolvulo-Archangelicetum Pass. 1964, Archangelico-Calystegietum sepium Passarge 
1976. Incl.: Convolvulus-Archangelica-Gesellschaft Passarge 1959.
Floristic composition, physiognomy, and structure. This vegetation unit consisted of 
12–27 plant species per sample (mean number exceeded 18). The shrub and moss layers were 
seldom present, but when there, they were composed of Salix fragilis and Fraxinus excelsior, 
and Brachythecium rutabulum, B. rivulare, Cirriphyllum piliferum, and Plagiomnium affine, 
respectively. The herb layer covered 80–100% of the sample area, and formed two or three 
sublayers. The samples were dominated by Angelica archangelica subsp. litoralis, growing to 
the height of 170–250 cm, and frequently accompanied by codominants Urtica dioica and 
Calystegia sepium. Other most frequent taxa included Phalaris arundinacea and Carduus crispus 
in the highest herb sublayer, and Poa palustris, Stachys palustris, Humulus lupulus, Symphytum 
officinale, Filipendula ulmaria, and Mentha aquatica in the middle herb sublayer. Glechoma 
hederacea, Galium aparine, Cirsium arvense, Anthriscus sylvestris, Elymus repens, Poa trivialis, 
and Galeopsis speciosa were frequent components of the unit as well (SA in Tab. 3).
Conditions of occurrence. The community occurred on sunny or slightly shaded, and 
sporadically on strongly shaded sites. The riverbanks were often tilted (to 75°), facing north, 
northeast, and other directions. The elevation of vegetation samples above the river water 
level usually did not exceed 1 m. Relevés were taken 0–25 m (average 3.8 m) away from the 
Fig. 21 Urtico-Convolvuletum sepium aegopodietosum in Łeba valley (photo M. Myśliwy, 
2010-08-17).
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riverbed, within a range of the natural potential vegetation unit Fraxino-Alnetum, and more 
seldom the Stellario-Carpinetum or other natural potential vegetation units. Soils were most 
often mineral and mineral-organic; slightly acidic, neutral, and less frequently acidic; fresh or 
moist, classified as loamy, slightly loamy, or loose sands. The dominant land use forms were 
most often meadows and pastures or shrubs. Riverward the vegetation samples were in contact 
with aquatic communities, rushes (Phragmitetum australis, Glycerietum maximae), and more 
seldom Salix viminalis, S. cinerea, and Alnus glutinosa shrubberies, whereas landward they 
adjoined meadows, and less frequently alder or willow cars, and others.
Distribution in northwest Poland. Valleys of the rivers Łeba, Parsęta, Reda, Piaśnica, Ina, 
Krąpiel, Piława, and Oder, and the Szczecin Lagoon.
4.2.10. Epilobio hirsuti-Convolvuletum sepium Hilbig et al. 1972 (EC) (Fig. 23)
Syn.: Epilobietum hirsuti Westhoff et Den Held 1969, Calystegio-Epilobietum hirsuti sensu 
auct.
Floristic composition, physiognomy, and structure. This vegetation unit was one of the 
most common riparian tall herb fringe communities in the study area. Vegetation samples 
contained on average 15 plant species (range 10–26). More than 30% of relevés possessed 
a shrub layer, its cover ranging 5–15%. It was composed of Salix fragilis, S. cinerea, S. caprea, 
Fig. 22 Soncho palustris-Archangelicetum litoralis in Łeba valley (photo M. Myśliwy, 2010-08-17).
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Alnus glutinosa, Fraxinus excelsior, Corylus avellana, Sambucus nigra, or Ribes nigrum. More 
than 40% of vegetation samples contained a moss layer, most frequently covering 10–40% of 
the area, and sporadically as high as 70%. The moss layer included, inter alia, Brachythecium 
rutabulum, B. oedipodium, Plagiomnium undulatum, Eurhynchium schleicheri, Kindbergia 
praelonga, and Lophocolea bidentata. The dominant species, Epilobium hirsutum, was ac-
companied by Urtica dioica and Galium aparine covering substantial proportions of the relevé 
surface areas. The relevés also contained Phalaris arundinacea, Carex acutiformis, Phragmites 
australis, Cirsium arvense, Vicia cracca, and Poa trivialis (EC in Tab. 3). Almost 50% of samples 
contained Calystegia sepium, whereas Filipendula ulmaria, Cirsium oleraceum, Lysimachia 
vulgaris, Lythrum salicaria, Dactylis glomerata, and other species typical of moist meadows 
featured prominently in the remaining samples.
Conditions of occurrence. The community occurred on sunny or slightly shaded, or spo-
radically on strongly shaded sites. The riverbanks were flat or tilted (10–70°), facing different 
directions. The average elevation of vegetation samples above the river water level was 0.5 m. 
Relevés were taken 0–25 m (average 3.6 m) away from the riverbed, within a range of the natural 
potential vegetation unit Fraxino-Alnetum, and more seldom the Carici elongatae-Alnetum, 
Stellario-Carpinetum, or other natural potential vegetation units. Soils were mineral, more 
seldom mineral-organic or organic; neutral or slightly acidic; fresh or moist, classified as loamy, 
slightly loamy, and loose sands or sandy loams. The dominant land use forms were meadows 
and pastures. Riverward, vegetation samples were in contact with aquatic communities, rushes 
(Sparganietum erecti, Phalaridetum arundinaceae, Typhetum latifoliae, Caricetum acutiformis, 
and Glycerietum maximae), and more seldom with Salix cinerea or Alnus glutinosa shrubs, 
Fig. 23 Epilobio hirsuti-Convolvuletum sepium in Reda valley (photo M. Myśliwy, 2009-08-10).
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summer therophytes of the class Bidentetea, and others, whereas landward they adjoined wet 
meadows, and less frequently alder carrs and others.
Distribution in northwestern Poland. Valleys of the rivers Ina, Łupawa, Piaśnica, Reda, 
Łeba, Słupia, Płutnica, Wda, Drawa, Korytnica, Piława, Bielica, and Oder, and the Szczecin 
Lagoon.
4.2.11. Eupatorietum cannabini Tx. 1937 (Eu)
Syn.: Eupatorio-Convolvuletum (Oberd. et al. 1967) Görs 1974.
Floristic composition, physiognomy, and structure. This vegetation unit was very common in 
northwestern Poland and contained 9–31 plant species per sample (the mean species richness 
exceeded 17). The shrub layer, composed of Salix cinerea, Betula pubescens, Frangula alnus, 
and Rhamnus cathartica, was sporadic. The moss layer was present in 50% of samples, and 
sometimes covered 60–65% of the relevé area, and included inter alia: Plagiomnium undulatum, 
P. ellipticum, Brachythecium rivulare, B. rutabulum, B. oedipodium, Eurhynchium hians, and 
Kindbergia praelonga. The herb layer covered 95–100% of the relevé area and was divided into 
two or three sublayers. The species dominant in the highest sublayer (up to a mean average 
height of 170 cm) was Eupatorium cannabinum, accompanied by Urtica dioica and Galium 
aparine, and less frequently by Calystegia sepium. The samples often contained rush taxa, such 
as Carex acutiformis, Phragmites australis, Phalaris arundinacea, as well as the taxa typical 
of moist meadows, including Cirsium oleraceum, Lysimachia vulgaris, Filipendula ulmaria, 
Scirpus sylvaticus, and Poa trivialis. The association was divided into three subassociations 
(Eut, Eua, and Euc in Tab. 3):
 ■ Eupatorietum cannabini Tx. 1937 typicum Görs 1974 (Eut) (Fig. 24). The typical subas-
sociation exhibited the fairly frequent presence of Calamagrostis epigejos, Deschampsia 
caespitosa, Galeopsis bifida, G. speciosa, Galium mollugo, Holcus lanatus, Symphytum 
officinale, and Vicia cracca (Eut in Tab. 3). Conditions of occurrence: The community 
occurred on sunny or slightly shaded sites. The riverbanks were flat or tilted (to 40°), usu-
ally lower than 1 m, and facing different directions (mostly east, northeast, and south). 
Vegetation samples were collected 0–14 m away from the riverbed, within a range of the 
natural potential vegetation unit Fraxino-Alnetum, and more seldom the Carici elongatae-
Alnetum or Fago-Quercetum unit. Soils were mineral or mineral-organic, neutral or slightly 
acidic, fresh or moist, classified as loose sands or slightly loamy sands. The dominant land 
use forms were meadows and pastures. Riverward the samples most often adjoined rushes 
(Phragmitetum australis, Caricetum acutiformis, Glycerietum maximae, and Phalaridetum 
arundinaceae), whereas landward they were in contact with rushes, meadows, or ruderal 
communities. Distribution in northwestern Poland: Valleys of the rivers Piaśnica, Drawa, 
Łupawa, Ina, and Reda, and the Szczecin Lagoon.
 ■ Eupatorietum cannabini Tx. 1937 aegopodietosum Görs 1974 (Eua) (Fig. 25). This subas-
sociation was distinct in that it contained Aegopodium podagraria, Lamium maculatum, 
Heracleum sphondylium subsp. sibiricum, and Stellaria nemorum (Eua in Tab. 3). Conditions 
of occurrence: The vegetation unit occurred on flat banks or tilted (10–75°) slopes, facing 
different directions (mostly south, southeast, and southwest), and experienced varying 
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Fig. 24 Eupatorietum cannabini typicum in Łupawa valley (photo M. Myśliwy, 2010-08-18).
Fig. 25 Eupatorietum cannabini aegopodietosum in Ina valley (photo M. Myśliwy, 2009-09-19).
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degrees of shading. Vegetation samples were most often elevated less than 0.5 m above 
the river water level. Relevés were taken 0–8 m away from the riverbed, within a range 
of the natural potential vegetation unit Carici elongatae-Alnetum, and more seldom the 
Stellario-Carpinetum or Fraxino-Alnetum unit. Soils were mineral or mineral-organic, 
less frequently organic; slightly acidic or neutral; fresh, moist, or wet, and being loamy, 
slightly loamy, or loose sands. The dominant land use forms were forests (both deciduous 
and coniferous), shrubs or meadows and pastures. Riverward the samples were in contact 
with aquatic communities, rushes (Glycerietum maximae, Phragmitetum australis, and 
Caricetum acutiformis), and other tall herb fringe communities, whereas landward they 
adjoined, inter alia, rushes, meadows, alder carrs, riparian woodland, or Salix cinerea 
shrubbery. Distribution in northwestern Poland: Valleys of the rivers Ina, Wda, Drawa, 
Słupia, Łupawa, and Korytnica.
 ■ Eupatorietum cannabini Tx. 1937 cardaminetosum amarae Myśliwy subass. nov. hoc 
loco (Euc) (Fig. 26). Type: Tab. 6, Relevé 4 holotypus hoc loco. Differential species of 
subassociation: Geranium robertianum, Scirpus sylvaticus, Galium palustre, Myosotis 
palustris, Crepis paludosa, Climacium dendroides, Valeriana dioica, Cardamine amara, 
Chrysosplenium alternifolium. Vegetation samples representing this new subassociation 
were distinct in that they contained numerous hygrophilous plants, such as the diagnostic 
species mentioned above, as well as Mentha aquatica, Epilobium palustre, Plagiomnium 
undulatum, and Stellaria nemorum (Tab. 6). Conditions of occurrence: The community 
was recorded on heavily shaded sites. Riverbanks were flat or sloping (10–20°), lower than 
0.5 m, facing different directions. Vegetation samples were collected 3–15 m away from 
the riverbed, in close proximity to discharges of head waters, within a range of the natural 
potential vegetation unit Ficario-Ulmetum chrysosplenietosum. Soils were organic, slightly 
acidic, wet, more seldom mineral-organic, and classified as loose sands. The dominant 
land use forms were deciduous forests. The community was found in gaps between tree 
stands of well-developed riparian woodland and headwater carrs, usually unaffected by 
human activities. Distribution in northwestern Poland: The relevés were taken in valleys 
of the rivers Piaśnica and Łeba, but similar vegetation types were also observed by the 
Wda and Ina rivers.
4.2.12. Cirsium arvense community (Archangelicion litoralis) (Ci)
Two vegetation samples (Ci in Tab. 5) found in the valleys of the Łeba and Radew rivers were 
characterized by the dominance of Cirsium arvense, accompanied by species such as Galium 
aparine, Glechoma hederacea, Urtica dioica, Aegopodium podagraria, Equisetum arvense, 
Filipendula ulmaria, and Phragmites australis. Floristically, the samples were similar to the 
Urtico-Convolvuletum sepium, but they lacked Calystegia sepium. The vertical structure of 
the community lacked the shrub and moss layers, whereas the herb layer grew to a height 
of 150 cm to cover 100% of the relevé area and form three sublayers. The samples were col-
lected on sunny sites, close to the riverbed, within a range of the natural potential vegetation 
unit Fraxino-Alnetum. Soils were mineral, neutral or very acidic, dry or fresh, and classified 
as loose or slightly loamy sands. The dominant land use forms were meadows and pastures. 
Riverward vegetation samples were in contact with aquatic communities or tall herbs, whereas 
landward they were in contact with meadows.
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4.2.13. Carduus crispus community (Archangelicion litoralis) (Ca)
Two vegetation samples (Ca in Tab. 5) found in the valleys of the Łeba and Prostynia rivers 
were characterized by dominance of Carduus crispus. They were species-poor and exhibited 
similarity to the Urtico-Convolvuletum sepium, but they lacked Calystegia sepium. The verti-
cal structure of the community lacked the shrub and moss layers, and the herb layer grew to 
a height of 120–150 cm to cover 100% of the relevé area and form two sublayers. The relevés 
contained the following species: Urtica dioica, Elymus repens, Galium aparine, Anthriscus 
sylvestris, Fallopia dumetorum, Galeopsis speciosa, Myosoton aquaticum, Bromus inermis, and 
others. The samples were collected on sunny or slightly shaded sites, which were elevated 
1–2 m above the river water level and located 0.5 and 4 m away from the riverbed, within 
a range of the natural potential vegetation unit Fraxino-Alnetum. Soils were fresh, mineral and 
slightly acidic, and being slightly loamy sands, or were organic and very acidic. The dominant 
land use forms were meadows and pastures. From the river side the samples were adjacent 
to aquatic communities or rushes, whereas landward they were adjacent to meadows.
Fig. 26 Eupatorietum cannabini cardaminetosum amarae subass. nov. 
in Łeba valley (photo M. Myśliwy, 2009-08-12).
Myśliwy / Diversity and environmental variability of riparian tall herb fringe communities
49© The Author(s) 2019 Published by Polish Botanical Society Monogr Bot 108
4.2.14. Urtica dioica community (Archangelicion litoralis) (Ur) (Fig. 27)
Floristic composition, physiognomy, and structure. This vegetation unit belongs to species-
poor tall herb fringe communities (9–23 plant species per sample, average 15), and was very 
common in the study area. The shrub layer, with a maximum of 15% cover, was present in 25% 
of the samples. It was composed of Salix cinerea, S. viminalis, Sambucus nigra, or Viburnum 
opulus. The moss layer was present in 50% of relevés, covering 5–30% of the area. It was formed 
by species such as Plagiomnium undulatum, Brachythecium rutabulum, B. oedipodium, and 
Eurhynchium hians. The herb layer covered 80–100% of the sample area, and reached a mean 
maximum height of 140 cm. The layer was composed of dense aggregations of Urtica dioica, 
with numerous Galium aparine, and occasionally Humulus lupulus. In addition, the follow-
ing species were most often recorded: Poa palustris, Filipendula ulmaria, Carex acutiformis, 
Phalaris arundinacea, Phragmites australis, Solanum dulcamara, Elymus repens, Equisetum 
arvense, Artemisia vulgaris, Cirsium arvense, Galeopsis tetrachit, and Glechoma hederacea. 
Following species from the Aegopodion alliance were fairly common: Aegopodium podagraria, 
Lamium maculatum, Anthriscus sylvestris, as well as Stellaria nemorum (Ur in Tab. 3).
Conditions of occurrence. The community occurred on slightly or strongly shaded sites. 
The riverbanks were flat or tilted (10–60°), usually lower than 1 m, facing different direc-
tions (mostly south, southwest, and west). Vegetation samples were collected 0–5 m away 
from the riverbed, within a range of the natural potential vegetation units Fraxino-Alnetum 
or Ficario-Ulmetum chrysosplenietosum, and less frequently the Carici elongatae-Alnetum 
and other natural potential vegetation units. Soils were mineral or mineral-organic; slightly 
Fig. 27 Urtica dioica community in Wda valley (photo M. Myśliwy, 2008-07-17).
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acidic or neutral; moist, fresh, or dry, and usually classified as loamy or slightly loamy sands. 
The dominant land use forms were deciduous forests or meadows and pastures. Riverward 
vegetation samples were most often in contact with aquatic communities, reed rushes, or alder 
forests, whereas landward they adjoined ash-alder or elm-ash riparian woodlands, alder cars, 
pine monocultures, ruderal communities, and others.
Distribution in northwestern Poland. Valleys of the rivers Piaśnica, Wda, Ina, Drawa, 
Łupawa, and Radew.
4.2.15. Impatiens glandulifera community (Archangelicion litoralis) (Im) (Fig. 28)
Floristic composition, physiognomy, and structure. This vegetation unit contained from 
8 to 22 plant species (average number exceeded 16). The shrub layer was rare and poorly 
compacted. More than 50% of relevés had a moss layer covering 5–30% of the area. It was 
composed of Eurhynchium hians, Cirriphyllum piliferum, and Brachythecium oedipodium. The 
herb layer covered 100% of the sample area and consisted of three sublayers. The dominant 
species, Impatiens glandulifera, grew to, on average, 180 cm, but occasionally it was taller 
than 2 m. In addition, the vegetation samples contained Calystegia sepium, Humulus lu-
pulus, Cuscuta europaea, Rubus caesius, Stachys palustris, Phragmites australis, Eupatorium 
cannabinum, Epilobium hirsutum, Galium aparine, Glechoma hederacea, and Aegopodium 
podagraria (Im in Tab. 3).
Fig. 28 Impatiens glandulifera community in Łupawa valley (photo J. Myśliwy, 2010-08-19).
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Conditions of occurrence. The community occurred on slightly shaded, flat, and low banks, 
facing different directions. Relevés were taken 2–5 m away from the riverbed (6–50 m from 
the banks of the Szczecin Lagoon), within a range of the natural potential vegetation unit 
Salici-Populetum (at the Szczecin Lagoon) or the Fraxino-Alnetum (at rivers). Soils were 
mineral, alkaline (at the Szczecin Lagoon), or slightly acidic, fresh, and usually classified as 
loose sands. The dominant land use forms were deciduous forests, and less frequently shrubs. 
Riverward vegetation samples were most often in contact with rushes of Phragmitetum australis, 
whereas landward they most often were in contact with willow, poplar, or alder carrs.
Distribution in northwestern Poland. The Szczecin Lagoon and valleys of the Słupia and 
Łupawa rivers.
4.2.16. Helianthus tuberosus community (Archangelicion litoralis) (He)
Two species-poor vegetation samples (He in Tab. 5), found in the Ina River valley, were 
characterized by the dominance of Helianthus tuberosus. The relevés were taken 1.5 m away 
from the riverbed, approximately 2 m above the river water level, on somewhat sloping 
(10–20°) northeast-facing banks, within a range of the natural potential vegetation unit Carici 
elongatae-Alnetum. Soils were mineral, neutral or alkaline, fresh, and classified as loamy and 
slightly loamy sands. Riverward the samples were adjacent to Phragmitetum australis, whereas 
landward they were adjacent to crops. In addition to the dominant species that grew up to 
250–300 cm, the samples contained, inter alia, Calystegia sepium, Galium aparine, Phragmites 
australis, Galeopsis speciosa, Chenopodium album, Urtica dioica, Aegopodium podagraria, and 
Stellaria nemorum.
4.2.17. Reynoutria japonica community (Convolvuletalia sepium) (Rj) (Fig. 29)
Two floristically different vegetation samples (Rj in Tab. 5) were characterized by the domi-
nance of Reynoutria japonica. The first was found 25 m away from the Ina riverbank, on 
a north-facing slope tilted to 30°. It was in contact with wet alder woodland and newly planted 
Robinia pseudoacacia, within a range of the natural potential vegetation unit Fraxino-Alnetum. 
Soil was mineral, slightly acidic, moist, and being sandy loams. The sample was extremely 
species-poor (it contained five plant species), as the lush stems of the dominant species grew to 
300 cm and were highly compact. The second sample was taken from a very steep (70°), fairly 
high, north-facing shore of the Szczecin Lagoon. It was in contact with ruderal communities 
growing at the sides of a nearby road, within a range of the natural potential vegetation unit 
Salici-Populetum. The soil was mineral, alkaline, fresh, and classified as loamy sands. The 
neophyte’s stems were lower and clearly less compact, and the species were accompanied 
by, inter alia, Calystegia sepium, Rubus caesius, Petasites spurius, Phalaris arundinacea, and 
Equisetum arvense.
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4.2.18. Rubus idaeus community (Convolvuletalia sepium) (Ri) (Fig. 30)
Floristic composition, physiognomy, and structure. This vegetation unit was species-poor 
and consisted of 8–21 plant species (average 15). In the vertical structure, the shrub layer 
(except for the raspberry) was rare, and its cover, when it occurred, was poor. The moss layer 
was present in more than 70% of samples. It covered up to 30% of the sample area, and was 
composed of such species as Plagiomnium undulatum, Brachythecium rutabulum, Cirriphyllum 
piliferum, and Atrichum undulatum. The herb layer (including Rubus idaeus) covered 70–100% 
of the sample area and was divided into two or three sublayers. The dominant species was 
most often accompanied by Urtica dioica, Glechoma hederacea, Carex acutiformis, Phalaris 
arundinacea, Lysimachia vulgaris, Elymus repens, Deschampsia caespitosa, Holcus lanatus, and 
the taxa belonging to the alliance Aegopodion, which included Aegopodium podagraria and 
Lamium maculatum, as well as Stellaria nemorum. Creepers were represented by Humulus 
lupulus, Galium aparine, Calystegia sepium, and Fallopia dumetorum (Ri in Tab. 3).
Conditions of occurrence. The community occurred on strongly or slightly shaded sites. 
The riverbanks were flat and low, facing northeast or north. Vegetation samples were taken 
0–8 m away from the riverbed, within a range of the natural potential vegetation units Fraxino-
Alnetum or Ficario-Ulmetum chrysosplenietosum. The soils were mineral or organic, very 
acidic or acidic, fresh, and classified as slightly loamy or loose sands. The dominant land use 
forms were forests (both deciduous and coniferous), and less frequently meadows or pastures, 
shrubs, and others. Riverward the samples were in contact with aquatic communities, rushes, 
Fig. 29 Reynoutria japonica community by the Szczecin Lagoon (photo M. Myśliwy, 2011-07-03).
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tall herbs, or Salix cinerea shrubberies, whereas landward they were adjacent to ash-alder 
or elm-ash riparian woodlands, wet meadows, and less frequently to pine monocultures or 
ruderal communities.
Distribution in northwestern Poland. Valleys of the Piaśnica, Łeba, Słupia, Prostynia, and 
Prusina rivers.
4.2.19. Galeopsis speciosa community (Convolvuletalia sepium) (Gs) (Fig. 31)
Floristic composition, physiognomy, and structure. This vegetation unit was species-poor 
and consisted of 8–19 plant species (average 13). The shrub and moss layers were absent. 
The herb layer covered 95–100% of the sample area and was divided into two or three sub-
layers. The dominant species Galeopsis speciosa was accompanied in the middle sublayer 
by Lysimachia vulgaris, Stellaria nemorum, Aegopodium podagraria, Lamium maculatum, 
Ranunculus repens, Agrostis stolonifera, Galeopsis bifida, and Carex acutiformis. The highest 
sublayer was composed of Phragmites australis, Elymus repens, and Holcus mollis. Creepers 
were represented by Humulus lupulus, Galium aparine, Fallopia dumetorum, and Calystegia 
sepium (Gs in Tab. 3).
Conditions of occurrence. The community occurred most often on slightly shaded, flat, 
and low riverbanks, facing northeast or southwest. Vegetation samples were collected, on 
average, 7 m away from the riverbed, within a range of the natural potential vegetation units 
Fig. 30 Rubus idaeus community in Słupia valley (photo M. Myśliwy, 2010-08-21).
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Fraxino-Alnetum or Ficario-Ulmetum chrysosplenietosum. Soils were mineral, and more seldom 
organic or mineral-organic, very acidic to acidic, fresh, and classified as loamy or slightly 
loamy sands. The dominant land use forms were meadows and pastures, deciduous forests, 
less frequently shrubs. Riverward the samples were in contact with moist alder forests, alder 
cars, or reed rushes, whereas landward they were in contact with Salix cinerea shrubs, wet 
meadows, and less frequently pine monocultures or alder carrs.
Distribution in northwestern Poland. Valleys of the rivers Piaśnica, Łeba, Łupawa, and 
Słupia.
Fig. 31 Galeopsis speciosa community in Łeba valley (photo M. Myśliwy, 
2009-08-12).
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Tab. 5 The relevé table of the riparian tall herb fringe communities of the order Convolvuletalia 
sepium represented by few samples and not included in the synoptic table.
Successive number
1 2 3 4 5 6 7 8 9 10
Syntaxa*
Fa Ca Ci He Rj
Field number**
FH
62
2W
i
FH
62
6W
i
Ca
12
2P
o
Ca
34
6L
e
Ci
99
Le
Ci
18
8R
a
H
e1
39
In
H
e1
40
In
Rj
41
7Z
a
Rj
13
2I
n
Date
20
12
-0
7-
04
20
12
-0
7-
04
20
09
-0
9-
12
20
10
-0
8-
17
20
09
-0
8-
12
20
10
-0
7-
08
20
09
-0
9-
19
20
09
-0
9-
19
20
11
-0
7-
03
20
09
-0
9-
13
Locality*** Dr Dr Pr Go Pa Bi Re Re Wa Ry
Relevé area (m2) 18 18 6 10 6 14 6 6 9 8
Slope in degrees 0 0 0 0 0 30 20 10 75 30
Aspect E E S NE SW NW NE NE N N
Cover of shrub layer (%) 0 0 0 0 0 0 0 0 0 0
Cover of herb layer (%) 85 100 100 100 100 100 100 100 100 100
Cover of moss layer (%) 0 0 0 0 0 0 1 0 5 5
Max height of herb layer (cm) 40 120 120 150 150 150 250 300 180 300
Number of species 14 16 10 9 16 16 16 11 26 5
Dominant species
Fallopia dumetorum 4 4 3 . . . . . . .
Humulus lupulus 2 4 . . . . . . . .
Carduus crispus 1 1 4 4 . . . . . .
Cirsium arvense . . . . 4 3 . . . .
Helianthus tuberosus . . . . . . 5 5 1 .
Reynoutria japonica . . . . . . . . 5 5
Senecionion fluviatilis
Chenopodium album + + . . . . + + . .
Erysimum cheiranthoides + + . . . . . . + .
Bromus inermis + . . 1 . . . . . .
Convolvuletalia sepium
Phragmites australis . . . . . 2 + + + .
Vicia cracca . . r . . . + . + .
Poa palustris . + . . . 1 . . . .
Phalaris arundinacea . . . . . 2 . . 1 .
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Tab. 5 Continued
Successive number
1 2 3 4 5 6 7 8 9 10
Syntaxa*
Fa Ca Ci He Rj
Epilobietea angustifolii
Urtica dioica . 1 3 1 + + r + + 1
Galium aparine . 1 2 + 2 2 2 1 + .
Aegopodium podagraria . 1 . . 2 4 + r + 2
Glechoma hederacea + . r . 2 1 . . . .
Galeopsis speciosa . . . 1 + . + 1 . .
Galeopsis bifida + + . . . 1 . . . .
Calystegia sepium . . . . . . 1 2 2 .
Lamium maculatum . + . + . . . . . .
Anthriscus sylvestris . . 2 + . . . . . .
Other species
Equisetum arvense + . r . 1 + . . 1 .
Elymus repens . . 1 2 . + . . + .
Conyza canadensis + + . . + . . . . .
Artemisia vulgaris 1 + . . . . . . + .
Elymus caninus . . . . 2 . + + . .
Scrophularia nodosa . 1 . . . . + . . .
Dactylis glomerata . . . . . + . . + .
Eurhynchium hians d**** . . . . . . . . 1 +
Saponaria officinalis . . . . . . 1 . + .
Stellaria nemorum . . . . . . + 1 . .
Sporadic species: Achillea millefolium 9 (+), Alopecurus pratensis 6 (+), Arrhenatherum elatius 9 (+), Calamagrostis epigejos 9 
(+), Capsella bursa-pastoris 2 (+), Carex acutiformis 8 (1), Ceratodon purpuraeus d**** 9 (+), Convolvulus arvensis 9 (+), Cor-
nus sanguinea c**** 1 (+), Deschampsia caespitosa 5 (+), Equisetum palustre 7 (+), Fallopia convolvulus 1 (+), Filipendula ul-
maria 5 (+), Fraxinus excelsior c**** 5 (+), Galeopsis pubescens 3 (+), Holcus mollis 6 (+), Lapsana communis 5 (+), Myosoton 
aquaticum 4 (+), Petasites spurius 9 (2), Physcomitrium pyriforme d**** 7 (r), Pimpinella major 6 (+), Plagiomnium undulatum 
d**** 10 (1), Pohlia wahlenbergii d**** 7 (r), Potentilla reptans 9 (+), Ranunculus acris 6 (+), Rorippa palustris 2 (+), Rubus 
caesius 9 (1), Rumex thyrsiflorus 5 (+), Silene alba 1 (+), Sisymbrium loeselii 9 (+), Tanacetum vulgare 9 (+), Taraxacum sect. 
Taraxacum 5 (+), Valeriana sambucifolia 5 (2).
* Complete names of syntaxa: Fa – Fallopia dumetorum community; Ca – Carduus crispus community; Ci – Cirsium arvense 
community; He – Helianthus tuberosus community; Rj – Reynoutria japonica community.
** Geographical coordinates for relevés: FH622Wi – N53.50981, E18.7474; FH626Wi – N53.50587, E18.74548; Ca122Po – N53.30894, 
E15.77752; Ca346Le – N54.55279, E17.56514; Ci99Le – N54.54544, E18.02107; Ci188Ra – N54.09405, E16.08621; He139In – 
N53.25771, E15.53566; He140In – N53.25728, E15.53542; Rj417Za – N53.70639, E14.35566; Rj132In – N53.29184, E15.54686.
*** Locality: Bi – Białogórzyno; Dr – Dragacz; Go – Górzyno; Pa – Paraszyno; Pr – Prostynia; Re – Recz; Ry – Rybaki; 
Wa – Warnołęka.
**** The lowercase letters c and d after species names indicate herb and moss layer, respectively.
Diagnostic species of particular syntaxa are marked in gray.
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Tab. 6 The relevé table of Eupatorietum cannabini cardaminetosum amarae Myśliwy subass. nov. 
hoc loco (holotypus Relevé 4).
Successive number
%
1 2 3 4 5 6 7
Field number*
Eu
c5
3P
s
Eu
c1
09
Le
Eu
c6
1P
s
Eu
c6
2P
s
Eu
c5
7P
s
Eu
c5
5P
s
Eu
c5
2P
s
Date
20
09
-0
8-
08
20
09
-0
8-
12
20
09
-0
8-
08
20
09
-0
8-
08
20
09
-0
8-
08
20
09
-0
8-
08
20
09
-0
8-
08
Locality** PW Pa PW PW PW PW PW
Relevé area (m2) 8 6 10 10 12 12 8
Slope in degrees 20 0 0 0 10 20 0
Aspect S NW S N N SW S
Cover of shrub layer (%) 0 0 0 0 0 0 0
Cover of herb layer (%) 95 95 95 100 100 95 95
Cover of moss layer (%) 60 40 65 40 50 15 60
Max height of herb layer (cm) 150 150 150 160 150 140 150
Number of species 21 13 20 24 22 19 21
Characteristic species of Ass and differential species of Subass
Eupatorium cannabinum 4 5 4 5 4 5 4 100
Geranium robertianum 1 + . + + + + 86
Scirpus sylvaticus . . 1 1 + + + 71
Galium palustre . . 1 + + + + 71
Myosotis palustris + + + . . . + 57
Crepis paludosa . . + + . + + 57
Climacium dendroides d*** . . . 2 3 2 3 57
Valeriana dioica 2 . . . + 1 1 57
Cardamine amara + 1 . + . . . 43
Chrysosplenium alternifolium . . + + . . + 43
Archangelicion litoralis
Mentha aquatica 2 + . + + + + 86
Plagiomnium undulatum d*** 3 . 3 2 2 1 2 86
Filipendula ulmaria . . + + + + + 71
Carex acutiformis . . 1 + 1 1 + 71
Cirsium oleraceum . . 1 . . 1 . 29
Equisetum palustre . . . . + . 1 29
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Tab. 6 Continued
Successive number
%
1 2 3 4 5 6 7
Field number
Eu
c5
3P
s
Eu
c1
09
Le
Eu
c6
1P
s
Eu
c6
2P
s
Eu
c5
7P
s
Eu
c5
5P
s
Eu
c5
2P
s
Rumex thyrsiflorus . + . + . . . 29
Brachythecium rutabulum d*** . . 2 . . . . 14
Convolvuletalia sepium
Lysimachia vulgaris . . . + + + + 57
Solanum dulcamara . . 3 + . . 1 43
Epilobietea angustifolii
Urtica dioica . + . r 1 . . 43
Carduus crispus + . . + . . + 43
Galium aparine . . 1 1 2 . . 43
Impatiens noli-tangere . . . . . + . 14
Other species
Poa trivialis . + 1 1 1 1 1 86
Stellaria nemorum . 1 + + 2 1 . 71
Scutellaria galericulata + . . . . + + 43
Athyrium filix-femina . . . + + + . 43
Brachythecium rivulare d*** . 3 1 . . . . 29
Festuca gigantea + . + . . . . 29
Euonymus europaeus c*** . . . + + . . 29
Epilobium palustre . . . + + . . 29
Calliergonella cuspidata d*** + . . . . . + 29
Sporadic species: Agrostis stolonifera 1 (+), Caltha palustris 5 (+), Carex paniculata 7 (+), Cratoneuron filicinum d*** 1 (1), 
Dryopteris carthusiana 1 (+), Epilobium adenocaulon 1 (+), E. obscurum 2 (+), Equisetum fluviatile 5 (+), Eurhynchium hians 
d*** 3 (1), Glyceria nemoralis 1 (+), Holcus mollis 2 (+), Juncus bulbosus 1 (+), Lychnis flos-cuculi 5 (+), Lysimachia nummu-
laria 1 (+), Mercurialis perennis 3 (+), Mnium hornum d*** 1 (2), Oxalis acetosella 4 (+), Rhizomnium punctatum d*** 1 (+), 
Stellaria uliginosa 2 (2), Trichocolea tomentella d*** 3 (1), Veronica beccabunga 1 (+), Viola palustris 6 (+).
* Geographical coordinates for relevés: Euc52Ps – N54.6868, E18.18514; Euc53Ps – N54.68689, E18.18434; Euc55Ps – N54.68666, 
E18.18317; Euc57Ps – N54.68652, E18.18306; Euc61Ps – N54.68781, E18.16425; Euc62Ps – N54.68773, E18.165; Euc109Le – 
N54.54303, E18.01876.
** Locality: PW – Piaśnica Wielka; Pa – Paraszyno.
*** The lowercase letters c and d after species names indicate herb and moss layer, respectively.
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4.3. Environmental characteristics of the riparian tall herb fringe vegetation
More than 64% of the relevés were obtained on the flat banks of the rivers, whereas almost 
36% (107 relevés) were from bank slopes. The slope angle in almost 30% of the relevés ranged 
10–45° (Fig. 32A, Tab. S1). The exposure type (aspect) in the dataset analyzed was slightly 
dominated by south- and northeast facing slopes. Vegetation samples on flat banks were 
dominated by the east facing, followed by south facing ones (Fig. 32B).
More than 65% of the tall herb fringe vegetation samples occurred 0–5 m away from the 
riverbank, including more than 30% occurred no farther than 1 m away from the bank. In 
17% of the relevés, the distance between the vegetation sample and the riverbed amounted 
to 5–10 m, the greater distance was recorded in 18% of the relevés (Fig. 32C, Tab. S1). The 
distance was weekly correlated with various factors, with the strongest correlation being that 
with river size and riverbed width (Tab. S2).
Approximately 45% of the tall herb fringe vegetation samples were obtained from low banks, 
50 cm above the water level at most. The bank heights of 50–100 cm were recorded in 25% 
of the relevés. More than 14% of samples occurred on 1–2 m high banks (Fig. 32D, Tab. S1). 
The sample elevation above the river water level was significantly, albeit weakly or moderately, 
correlated with all the factors, except the slope angle, aspect, and C/N ratio (Tab. S2).
Almost half of the relevés (47%) experienced full light, more than 38% light shading, and 
strong shading was experienced by less than 15%. The latter were most frequently encountered 
in gaps of tree stands or at the forest fringe, and more seldom were found in the shadow of 
solitary trees. The degree of shading was weakly correlated with various factors, including 
the riverbed width and river size (Tab. S2).
The most frequent river flow rate encountered in the vicinity of the riparian tall herb 
vegetation samples was either rippled flow (more than 51% of the relevés) or smooth flow 
(more than 46%) (Fig. 32E). The flow rate was weakly correlated with various factors, with 
a moderate correlation occurring with river size and riverbed width (Tab. S2).
A total of 4% of the relevés, taken in the valleys of small rivers, were located near drain-
age ditches. In small river valleys, approximately 4% of vegetation samples were taken in the 
vicinity of headwater seeps. Conversely, the relevés taken in localities with distinct traces of 
summer floods were typical of large rivers and the Szczecin Lagoon (more than 4% of the 
relevés).
Collected soil samples showed a highly variable organic matter content (Fig. 32F). Approxi-
mately 69% of the samples represented mineral soils, 20% being assigned to mineral-organic 
soils, whereas only 11% were classified as organic soils. The loss on ignition (LOI) values in 
organic soil samples ranged widely, from over 20 to more than 85% (Tab. S1). The LOI was 
strongly correlated with the humus, organic carbon (Corg), total nitrogen (Ntot), bioavailable 
calcium (CaO), and magnesium (MgO) contents, and the silt fraction (Tab. S2).
Granulometric categories represented by the mineral and mineral-organic soil samples 
(a total of 267 samples) were dominated by loamy sands (more than 36% of samples), as well 
as slightly loamy and loose sands (23.6% and 19.1%, respectively). Approximately 13.5% of 
soil samples were classified as sandy loams, and the remaining granulometric categories were 
represented by only a few samples each (Fig. 32G).
The mineral and mineral-organic soils represented four weight categories: very light (more 
than 42% of the samples), light (almost 37%), medium-weight (about 18%), and heavy soils 
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(more than 2%). The heavy and the medium-weight soil samples were collected (only and 
mostly, respectively) in large river valleys.
The skeletal percentage of soil samples exhibited domination of skeleton-less formations, 
and the coarsest fraction was not found in 47% of soil samples. Two groups, consisting of 30% 
and 16% of soil samples, were very poorly skeletal formations (containing up to 5% of the 
skeletal fraction) and poorly skeletal formations (5–15% of the skeletal fraction), respectively. 
Moderately skeletal formations (15–35% of skeletal fraction contribution) were represented 
by 7.3% of samples (Fig. 32H, Tab. S1). The weight percentage of the soil skeleton was weakly 
correlated with various factors, with a moderate, negative correlation produced with the 
riverbed width and the clay fraction (Tab. S2).
More than 90% of mineral and mineral-organic soil samples contained 70–100% sand. In 
the case of silts, more than 68% of samples had a silt contribution ranging from 0% to 15%, 
with 15–25% silts being found in approximately 23% of the samples. The contribution of the 
clay fraction in more than 90% of samples ranged 0–8% and did not exceed 20% (Fig. 32I–K, 
Tab. S1). The percent contribution of sand was strongly negatively correlated with the contribu-
tions of silt and clay, as well as with the contents of available magnesium (MgO), phosphorus 
(P2O5), and potassium (K2O). The silt fraction contribution was strongly positively correlated 
with the MgO and P2O5 contents, as well as with the Ntot, Corg, and humus contents, LOI, and 
the clay fraction contribution. The clay fraction contribution was strongly positively correlated 
with potassium content, with the other correlations being weaker (Tab. S2).
The soil pH ranged widely from very acidic to alkaline, with a median of 6.6 (Tab. S1). Most 
samples were characterized as neutral (pH 6.6–7.2) or slightly acidic pH (5.6–6.5) (Fig. 32L). 
The soil pH was significantly correlated with most environmental factors, with the strongest 
correlations with calcium carbonate (CaCO3) content and river size (Tab. S2).
Hand-felt soil moisture assessment was primarily that of fresh (almost 60% of samples) 
and moist soils (more than 26%) (Fig. 32M). Wet soils occurred in the lowest-lying and most 
shaded locations. Dry soils supporting patches dominated by nettle occurred most often 
in meadow and pasture complexes. Moisture was weakly correlated with various factors, 
including the sand and silt fractions (Tab. S2).
More than 70% of soil samples had organic carbon (Corg) contents lower than 5%. All these 
samples represented mineral and mineral-organic soils. Organic carbon contents ranging within 
5–10% were found in 17% of samples, with all classified as mineral-organic. The organic soils 
had the highest Corg content. The median value of humus content in soil samples was approxi-
mately 6%, and 75% of samples had a humus content lower than 10%. In 77% of soil samples, 
the total nitrogen (Ntot) content was lower than 0.5%. Ntot contents higher than 1% were found 
in less than 9% of soil samples and were only typical of organic soils (Fig. 32N,O, Tab. S2). The 
Corg, humus, and Ntot contents were strongly positively intercorrelated, and strongly positively 
correlated with the LOI, contents of CaO and MgO, and the silt fraction (Tab. S2).
The median value of the C/N ratio exceeded 12 (Tab. S1). In 84% of soil samples, it ranged 
within 10–14 (Fig. 32P). The C/N ratio was weakly correlated with various factors and had 
a moderate correlation with longitude and CaCO3 content (Tab. S2).
Among all the numerical variables, CaCO3 content showed the highest coefficient of varia-
tion (Tab. S1). Carbonates were detected in less than 20% of samples, including 20 samples 
(almost 7%) with contents higher than 2%, which were regarded as carbonate soils (Fig. 32Q). 
The CaCO3 content was weakly correlated with many factors, and the strongest correlation 
was with soil pH (Tab. S2).
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The median phosphorus (P2O5) content in the soil samples was 71.9 mg/100 g soil (Tab. S1). 
Based on the official reference standards, more than 92%, 89%, and 21% of the mineral, 
carbonate, and organic soil samples, respectively, could be regarded as phosphorus-replete 
(Fig. 32R). The P2O5 content was strongly positively correlated with the soil silt fraction, and 
a strong negative correlation occurred with the sand fraction and latitude (Tab. S2).
The median potassium (K2O) content in the soil samples was 16 mg/100 g soil (Tab. S1). 
According to the reference standards, organic soils were potassium poor. Poorly or moder-
ately potassium-replete soils were also very light soils (almost 60% of samples). In contrast, 
heavy soil samples exhibited very high potassium content (71% of samples). Soils that were 
highly replete and replete in potassium were medium-weight soils (54% and 10% of samples, 
respectively). Among light soil samples, almost 31% exhibited very high K2O contents, and 
25.5% exhibited high contents (Fig. 32S). The K2O content was strongly correlated with the 
magnesium content and with individual grain size fractions (Tab. S2).
The median magnesium (MgO) content in the soil samples was 35 mg/100 g soil (Tab. S1). 
According to the reference standards, almost all the mineral and mineral-organic samples 
indicated highly magnesium-replete soils. Organic soil samples were dominated by soils 
moderately magnesium-replete (more than 42% of samples) and replete or highly replete (18% 
each) (Fig. 32T). The MgO content was strongly positively correlated with silt, and negatively 
correlated with sand fractions. Strong significant correlations were also found with CaO 
and K2O contents, as well as the LOI, and the Ntot, Corg, and humus contents (Tab. S2).
The median calcium (CaO) content was 647.4 mg/100 g soil (Tab. S1). The dominant range 
covered 0–5,000 mg/100 g soil (Fig. 32U). The CaO content was strongly positively correlated 
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Fig. 32 Frequency distributions of selected variables. Abbreviations denoting granulometric categories: 
Org – organic soil; LSa – loamy sand; SLSa – slightly loamy sand; LoSa – loose sand; SaL – sandy loam; 
LiL – light loam; L – loam; ClSi – clayey silt; LSi – loamy silt. Abbreviations denoting land use type: 
Ur – urban areas; Ar – arable land; Me – meadows and pastures; Sh – shrubs; DF – deciduous forest; 
CF – coniferous forest; Po – fish culture ponds; To – tourism; Tr – transportation.
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with the content of MgO, humus, Corg, Ntot, and LOI (all the correlation coefficients exceeded 
0.5 at p < 0.05), with the other relationships being moderate or weak (Tab. S2).
4.4. Characteristics of river size-related environmental conditions
The riparian tall herb fringe vegetation samples collected along rivers of various size differed 
significantly in terms of most environmental factors (Fig. 33). A very strong positive correla-
tion was found between river size and its channel width (r = 0.82) (Tab. S2) and a statistically 
significant between-group difference occurred for river channel width (p < 0.05). Statistical 
significance also occurred for the correlation between river size and the distance of vegeta-
tion sample from the channel and sample elevation above the river water level. These two 
characteristics were significantly different between samples from small and large rivers. Water 
flow rate in small rivers was lower than that in large rivers and the difference was significant. 
A significant difference occurred for the degree of shading of the riparian tall herb fringe 
vegetation on large rivers, with substantially deforested valleys and those on small rivers, 
which more often occur in woodlands. No significant differences occurred between sample 
groups in regard to slope angle and aspect.
The soil samples collected along large rivers were significantly different from those from 
small rivers in terms of numerous soil parameters (Fig. 33). Differences in the proportions 
of all grain size fractions were significant. The highest median clay and silt proportions were 
typical of large-river samples; in contrast, those samples showed the lowest median sand and 
skeletal percentages (Tab. S1, Fig. 33).
Soil samples from large-river riparian tall herb fringe communities exhibited high pH values, 
which were significantly different from that of soil samples from small rivers. A comparison 
between medians of bioavailable phosphorus (P2O5), potassium (K2O), and magnesium 
(MgO) contents in the samples revealed significant differences between large river valleys 
(with higher medians) and small rivers (with lower medians). Soil calcium (CaO) content 
was also significantly different between small rivers and large rivers, with the median CaO 
content in large-river soil samples being lower. However, the median carbonate (CaCO3) 
content in the large river samples and in the small ones was equal to 0.0; nonetheless, the 
difference between these groups was significant (Tab. S1, Fig. 33).
The fertility of the small-river soils was higher and significantly different from that of 
large-river soils. This effect was caused by higher median total nitrogen, organic carbon, 
and humus contents, as well as higher LOI values in small-river soils (Tab. S1, Fig. 33). The 
soil samples from small river valleys were significantly different in terms of their C/N ratio 
from samples collected from large rivers, which had a higher median value. Among all the 
soil parameters studied, only the difference in soil moisture content between the groups was 
not statistically significant.
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Fig. 33 Box and whisker plots of selected environmental variables for riparian tall herb fringe com-
munities of the order Convolvuletalia sepium in NW Poland: comparison of small (1) and large (2) 
rivers. The box length is the interquartile range; small squares indicate the median; circles represent 
outlier values; crosses reflect extreme values. Results of Mann–Whitney U (Z and p values) test are given.
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4.5. Relationships between riparian tall herb fringe 
communities and natural potential vegetation
The riparian tall herb fringe vegetation samples were assigned to 10 natural potential vegetation 
cartographic units. The most common unit was the Fraxino-Alnetum, which supported 39% 
of vegetation samples, with the majority occurring in the vicinity of small rivers, particularly 
in the coastal zone. The Salici-Populetum supported 28% of vegetation samples, primarily 
occurring close to large rivers, including the Szczecin Lagoon. The Carici elongatae-Alnetum 
supported 14% of vegetation samples, and was recorded in small river valleys. Distinctly rarer 
was the Ficario-Ulmetum chrysosplenietosum with approximately 7% of vegetation samples 
and occurring on small rivers. Further rare were the poor and rich Stellario-Carpinetum with 
3% and more than 3% of vegetation samples, respectively, with both recorded on small river 
valleys. The other potential vegetation units (the Ficario-Ulmetum typicum, Fago-Quercetum, 
Galio odorati-Fagetum, Empetro nigri-Pinetum, and Leucobryo-Pinetum) were recorded 
sporadically.
4.6. Vegetation mosaic and landscape heterogeneity
Almost 25% of the riparian tall herb fringe vegetation samples were recorded at the very edge 
of the riverbank, directly adjoining aquatic communities representing the classes Potamoge-
tonetea and Lemnetea. More than 40% of vegetation samples were separated from the water 
by the Phragmito-Magnocaricetea communities, including the most common associations: 
Phragmitetum australis, Phalaridetum arundinaceae, Glycerietum maximae, Caricetum acu-
tiformis, and Sparganietum erecti. Rushes were adjacent, on the landward side, to 14% of the 
riparian tall herb fringe vegetation samples.
In 24% of vegetation samples, the fringe communities occurred in gaps between alder 
carr stands. A total of 34% of the riparian tall herb fringe vegetation samples were, at least 
landward, adjacent to forest or shrub communities of the classes Salicetea purpureae, Alno 
glutinosae-Populetea albae, Carpino-Fagetea sylvaticae, and Alnetea glutinosae. They were most 
often represented by the associations Salicetum albae, Salicetum fragilis, Salicetum triandrae, 
Stellario nemorum-Alnetum glutinosae, Ficario vernae-Ulmetum campestris, Carici acutiformis-
Alnetum glutinosae, and the pussy willow-dominated Salicetum pentandro-auritae.
More than 28% of vegetation samples were neighboring, on the landward side, meadow 
communities of the class Molinio-Arrhenatheretea (primarily representing the alliances De-
schampsion cespitosae and Calthion palustris, and less frequently Arrhenatherion elatioris or 
Molinion caeruleae). Approximately 12% of vegetation samples adjoined other tall herb com-
munities, most often those representing the order Convolvuletalia sepium, and less frequently 
the alliances Filipendulion ulmariae, Geo urbani-Alliarion officinalis, or Aegopodion podagrariae. 
Ten percent of all the tall herb fringe vegetation samples directly neighboring ruderal (class 
Artemisietea vulgaris) and segetal communities were on both small and large rivers.
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In the vicinity of the riparian tall herb fringe communities studied in river valleys, three 
dominant forms of land use were the most common: meadows and pastures (30% of vegeta-
tion samples), shrubs (23%), and deciduous forests (19%) (Fig. 32W).
4.7. Differences in conditions prevalent in habitats 
supporting particular vegetation units
Various riparian tall herb fringe communities were associated with rivers of different size 
(Tab. 7). Statistically significant differences in river size were observed between the Senecio-
netum fluviatilis (Se), Fallopio-Cucubaletum bacciferi (FC), Achilleo salicifoliae-Cuscutetum 
lupuliformis (AC), Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi (CCh), 
and Convolvulo sepium-Cuscutetum europaeae typicum (CCt) occurring exclusively (the 
latter almost exclusively) on large rivers and the Convolvulo sepium-Cuscutetum europaeae 
aegopodietosum (CCa), Urtico-Convolvuletum sepium aegopodietosum (UCa), Soncho palustris-
Archangelicetum litoralis (SA), Epilobio hirsuti-Convolvuletum sepium (EC), Eupatorietum 
cannabini typicum (Eut) (except for Se and FC), Eupatorietum cannabini aegopodietosum (Eua), 
Eupatorietum cannabini cardaminetosum amarae (Euc) (except for Se, FC, and CCt), Urtica 
dioica community (Ur), Rubus idaeus community (Ri), and Galeopsis speciosa community (Gs) 
(except for Se, FC, and CCt) typical of small rivers. No significant differences were observed 
for Solidago gigantea community (So), Rubus caesius community (Rc), Impatiens glandulifera 
community (Im), and Urtico-Convolvuletum sepium typicum (UCt).
River size largely determined environmental conditions of tall herb fringe vegetation 
(cf. chapter “Characteristics of river size-related environmental conditions”). The highest 
elevation of samples above the river water level was typical for Se, FC, CCh, and So, and was 
significantly different between these vegetation units and the tall herb fringe communities 
occurring in valleys of small rivers. Conversely, the elevation of samples from AC and CCt, 
also typical of large rivers, were similar to the elevation characteristic of plant communities 
from small rivers. In terms of the distance of vegetation samples from the riverbed, significant 
differences were observed between the vegetation units occurring on large rivers (except for 
FC) and the communities typical of small rivers (except for UCt, UCa, Eut, Euc, and Gs) 
(Tab. S3, Fig. 34).
The most heavily shaded sites were occupied by Euc and Ri, the communities present on 
small rivers, which were significantly different in terms of shading from the AC, CCh, and 
CCt from valleys of large rivers; moreover, they were also significantly different from the 
UCt and Eut, associated with small rivers. A significant difference in the degree of shading 
was also observed between Ur and CCt. No significant differences between samples from 
particular plant communities were found regarding their slope angle or aspect (Tab. S3).
The highest median contribution of the silt fraction was typical of soils supporting the 
Se and CCh communities, and significant differences occurred between these and some tall 
herb fringe communities from small river valleys, namely Eut, Ri, and SA, as well as the Im 
community occurring on small rivers and by the Szczecin Lagoon. Soil samples representing 
sites supporting Se and CCh also exhibited the lowest median sand fraction contribution. 
However, significant differences were visible not only in comparison with samples from 
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small rivers, but also with respect to samples representing the AC. The contribution of both 
soil fractions significantly differentiated the soils supporting Eut from those with UCa, 
both communities occurring by small rivers. Still more significant differences between the 
communities were detected with respect to the percent contribution of clay. The community 
CCh, typical of large rivers, was significantly different in this respect from all vegetation units 
associated with small rivers (except for Gs), and differed significantly from AC, which was 
exclusively associated with large rivers. Moreover, AC was significantly different in terms of 
clay contribution of its soils from Se and FC (Tab. S3, Fig. 34).
In terms of soil fertility (i.e., LOI, humus, Corg, and Ntot contents), the sites supporting indi-
vidual tall herb fringe communities were not significantly different, except for that supporting 
Euc, the community growing on the most fertile sites and exhibiting significant differences 
Tab. 7 Proportion of relevés assigned to particular tall herb fringe communities recorded along 
small and large rivers in NW Poland.
Plant community
Number of 
relevés
Small rivers 
(%)
Large rivers 
(%)
Senecionetum fluviatilis (Se) 9 - 100
Fallopio-Cucubaletum bacciferi (FC) 9 - 100
Achilleo salicifoliae-Cuscutetum lupuliformis (AC) 21 - 100
Convolvulo sepium-Cuscutetum europaeae chaero-
phylletosum bulbosi (CCh)
15 - 100
Convolvulo sepium-Cuscutetum europaeae typicum 
(CCt)
20 9 91
Rubus caesius community (Rc) 5 20 80
Solidago gigantea community (So) 9 33 67
Impatiens glandulifera community (Im) 7 43 57
Urtico-Convolvuletum sepium typicum (UCt) 12 67 33
Eupatorietum cannabini typicum (Eut) 14 86 14
Soncho palustris-Archangelicetum litoralis (SA) 23 87 13
Epilobio hirsuti-Convolvuletum sepium (EC) 31 94 6
Urtico-Convolvuletum sepium aegopodietosum 
(UCa)
33 94 6
Convolvulo sepium-Cuscutetum europaeae aegopo-
dietosum (CCa)
19 100 -
Eupatorietum cannabini aegopodietosum (Eua) 18 100 -
Eupatorietum cannabini cardaminetosum amarae 
(Euc)
7 100 -
Urtica dioica community (Ur) 16 100 -
Rubus idaeus community (Ri) 15 100 -
Galeopsis speciosa community (Gs) 7 100 -
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Fig. 34 Box and whisker plots of selected environmental variables for the commonest riparian tall 
herb fringe communities of the order Convolvuletalia sepium in NW Poland. The box length is the 
interquartile range; small squares indicate the median; circles represent outlier values. Results of Krus-
kal–Wallis (H and p values) test are given. Complete names of plant communities are given in Tab. 7.
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with respect to the Se, FC, CCa, So, SA, and Im communities. Soils supporting Se and Euc 
differed significantly in their C/N ratio from soils typically occupied by CCt, CCa, and UCa. 
A significant difference in this parameter were also observed between soils supporting FC 
and CCt (Tab. S3, Fig. 34).
The highest soil carbonate content was found in soils supporting Se. It was significantly 
different from soils at sites with tall herb fringe communities typical of small rivers, i.e., the 
CCa, UCa, SA, Ur, Ri. On the other hand, the highest soil CaO content was typical in the soil 
at sites with Euc and significantly different from those supporting SA, CCa, and AC. The last 
of the units listed were significantly different in terms of soil CaO content from that of UCa 
and EC (Tab. S3, Fig. 34).
Numerous significant differences between the vegetation units were observed with respect 
to the soil content of available phosphorus (P2O5), potassium (K2O), and magnesium (MgO). 
With respect to the P2O5 content, the large river communities were significantly different from 
those associated with small rivers, but significant differences were also evident within the 
small river communities, i.e., between the Eut and UCa, as well as between the Ri and UCa, 
SA, and EC. The soil contents of K2O and MgO were highest at the sites occupied by com-
munities associated with large rivers and significantly different from the units occurring by 
small rivers. An exception was observed for AC, soils containing low levels of available forms 
of K and Mg, which was significantly different from those of Se and CCh (in the K content) 
and CCh (in the Mg content) (Tab. S3, Fig. 34).
Appropriate soil moisture is indispensable for all the riparian tall herb fringe communities. 
A significantly moister soil was found at the sites supporting Euc associated with head water 
areas. On the other hand, the soil pH was significantly different between most plant com-
munities studied. This variable was nonsignificant only with respect to three communities: 
Rc, UCt, and Im (Tab. S3, Fig. 34).
4.8. Patterns of species and sample distribution
The first ordination axis in the DCA run on the entire dataset was 4.874 SD long, which 
indicated that the set contained species that exhibited a clear unimodal response along the 
gradient. The high eigenvalue of the first axis (0.517) confirmed that the environmental 
gradient it represented significantly distinguished between the samples and species in the 
dataset. The remaining ordination axes were distinctly less important. The value of the total 
vegetation variation (total inertia) was 14.508. The first ordination axis accounts for 3.6% of 
the variation, the four axes combined accounting for 9.3% (Tab. 8).
The analyses revealed 60 species present in a single vegetation sample out of the 300 ex-
amined. Removal of the singletons from the DCA resulted in a decrease in the total variation 
to 12.058, and in a slight increase in the explained variation (4.2% and 10.6% for the first 
axis and four axes combined, respectively). However, the eigenvalues of the ordination axes 
were reduced (Tab. 8). The majority of the sporadic species recorded represented plants 
typical of forests (e.g., Acer platanoides, Atrichum undulatum, Corylus avellana, Ranunculus 
lanuginosus, Rumex sanguineus, and Trichocolea tomentella), rushes (e.g., Acorus calamus, 
Lysimachia thyrsiflora, Veronica anagallis-aquatica, and V. beccabunga), meadows (e.g., 
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Festuca pratensis, Geranium pratense, and Lychnis flos-cuculi), and mud deposits (e.g., Bidens 
tripartita, Polygonum minus, and Rumex maritimus). Fewer species were representative of 
peat bogs, headwaters, and sandy soil grasslands. Owing to the specificity of the communities 
studied that occurred in the ecotone and were characterized by frequent presence of species 
migrating from the adjacent assemblages, it was decided not to remove the sporadic species 
from the ordination analyses because the presence of such species may be indicative of special 
microhabitat conditions at the sites they inhabit.
The arrangement of the species in the DCA ordination space corresponded to their occur-
rence in valleys of rivers of differing size (Tab. 9, Fig. 35). Those species associated with valleys 
of large rivers (e.g., Cucubalus baccifer, Senecio fluviatilis, Chaerophyllum bulbosum, Cuscuta 
lupuliformis, Achillea salicifolia, and Solidago gigantea) were concentrated in the right-hand 
part of the ordination diagram. The species encountered mostly on small rivers (e.g., Myosotis 
palustris, Scirpus sylvaticus, Eupatorium cannabinum, Rubus idaeus, Filipendula ulmaria, Carex 
acutiformis, and Epilobium hirsutum) aggregated in the left-hand part of the diagram.
The left-hand part of the DCA diagram showed a sample distribution that contained relevés 
representing the Eupatorietum cannabini cardaminetosum amarae (Euc), Eupatorietum can-
nabini aegopodietosum (Eua), Rubus idaeus community (Ri), and Urtica dioica community 
(Ur), which occur in valleys of small rivers (Tab. 7, Fig. 36). The central part of the diagram 
depicts an aggregation of samples representing riparian tall herb fringe communities typical 
of small rivers, but also appearing sporadically on large rivers or on the Szczecin Lagoon [e.g., 
the Epilobio hirsuti-Convolvuletum sepium (EC), Soncho palustris-Archangelicetum litoralis 
(SA), and Urtico-Convolvuletum sepium aegopodietosum (UCa)]. Farther to the right are 
relevés of the Convolvulo sepium-Cuscutetum europaeae typicum (CCt), found on large rivers, 
but exceptionally also on small rivers, whereas the extreme right-hand part of the diagram 
contains an aggregation of samples representing riparian tall herb fringe communities found 
on large rivers only: the Achilleo salicifoliae-Cuscutetum lupuliformis (AC), Convolvulo sepium-
Cuscutetum europaeae chaerophylletosum bulbosi (CCh), Senecionetum fluviatilis (Se), and 
Fallopio-Cucubaletum bacciferi (FC). Ecological interpretation of the second ordination axis 
is difficult. It could be said that the axis is related to a gradient likely responsible for internal 
differentiation of the communities examined.
Tab. 8 Summary of DCA for 300 samples of riparian tall herb fringe communities: DCA1 – analysis 
performed with all 282 species; DCA2 – analysis performed without 60 sporadic species.
DCA 1 DCA 2
Axis 1 Axis 2 Axis 3 Axis 4 Axis 1 Axis 2 Axis 3 Axis 4
Eigenvalues of axes 0.517 0.32 0.274 0.231 0.504 0.305 0.261 0.205
Length of gradient 4.874 4.116 2.876 3.056 4.417 3.908 2.785 2.592
Percent varia-
tion explained 
(cumulative)
3.6 5.8 7.7 9.3 4.2 6.7 8.9 10.6
Total inertia 14.508 12.058
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Tab. 9 Proportion of occurrences of particular species recorded in tall herb fringe communities 
along small and large rivers in NW Poland.
Species
Number of 
records
Small rivers 
(%)
Large rivers 
(%)
Senecio fluviatilis (Senflu) 13 - 100
Cucubalus baccifer (Cucbac) 16 - 100
Achillea salicifolia (Achsal) 9 - 100
Cuscuta lupuliformis (Cuslup) 23 - 100
Rumex confertus (Rumcon) 6 - 100
Bidens frondosa (Bidfro) 22 5 95
Erysimum cheiranthoides (Eryche) 37 5 95
Chaerophyllum bulbosum (Chabul) 29 7 93
Acer negundo (Aceneg) 13 8 92
Solidago gigantea (Solgig) 37 8 92
Calamagrostis epigejos (Calepi) 43 16 84
Rubus caesius (Rubcae) 96 20 80
Tanacetum vulgare (Tanvul) 16 25 75
Bromus inermis (Broine) 38 29 71
Cuscuta europaea (Cuseur) 72 33 67
Echinocystis lobata (Echlob) 31 35 65
Calystegia sepium (Calsep) 182 55 45
Impatiens glandulifera (Impgla) 12 58 42
Impatiens parviflora (Impparv) 25 64 36
Helianthus tuberosus (Heltub) 6 67 33
Angelica archangelica subsp. litoralis (Anglit) 27 85 15
Epilobium hirsutum (Epihir) 52 90 10
Carex acutiformis (Caracti) 67 94 6
Filipendula ulmaria (Filulm) 61 95 5
Rubus idaeus (Rubida) 24 96 4
Eupatorium cannabinum (Eupcan) 58 97 3
Cirsium oleraceum (Cirole) 33 97 3
Deschampsia caespitosa (Descae) 35 97 3
Lamium maculatum (Lammac) 61 98 2
Scirpus sylvaticus (Scisyl) 21 100 -
Lythrum salicaria (Lytsal) 20 100 -
Myosotis palustris (Myopal) 9 100 -
Galium palustre (Galpal) 9 100 -
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All environmental variables included in the CCA explained 28% of the total variation in 
vegetation (Tab. 10). The p values for significance tests for the first canonical axis and for 
all canonical axes were less than 0.05. Thus, the relationships between the species and the 
environmental variables selected were statistically significant.
The forward selection and the permutation test revealed 28 factors that significantly dif-
ferentiated the vegetation and explained 19% of the variation in the dataset (Tab. 11). The 
relatively high eigenvalue of Axis I (0.453) compared to the clearly lower eigenvalues of the 
remaining axes (Tab. 10) indicated the main reasons why the vegetation differed. Along the 
gradient represented by Axis I, the highest correlation between the sample position and 
environmental variables (the interset correlation) was typical of one of the 10 natural poten-
tial vegetation cartographic units, namely the Salici-Populetum (r = −0.785). This variable 
was most closely related to species diversity of the samples, and the amount of variation it 
explained (Lambda A) was 0.37, which with a total variation of 14.508 represented 2.55% 
of the variation being explained. The second most important variable in the model was the 
“headwater seeps,” most closely correlated with Axis II (r = 0.635), and explained an additional 
1.65% of the total variation in the vegetation. River size, latitude, sample elevation, riverbed 
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Fig. 35 DCA ordination plot with species (black triangles), based on the whole dataset 
of 300 relevés and 282 species (only 133 species with at least 1% weight range are shown). 
Abbreviated species names consist of the first three letters of the genus Latin name and 
the species epithet. Species typical of small rivers (left side) and large rivers (right side) are 
underlined (cf. Tab. 9).
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Fig. 36 DCA ordination plot with samples, based on the whole dataset of 300 relevés 
and 282 species. Explanations: Se – Senecionetum fluviatilis; FC – Fallopio-Cucubaletum 
bacciferi; AC – Achilleo salicifoliae-Cuscutetum lupuliformis; CCh – Convolvulo sepium-
Cuscutetum europaeae chaerophylletosum bulbosi; CCt – Convolvulo sepium-Cuscutetum 
europaeae typicum; CCa – Convolvulo sepium-Cuscutetum europaeae aegopodietosum; 
Rc – Rubus caesius community; Fa – Fallopia dumetorum community; So – Solidago gigantea 
community; Im – Impatiens glandulifera community; Ca – Carduus crispus community; 
SA – Soncho palustris-Archangelicetum litoralis; EC – Epilobio hirsuti-Convolvuletum sepium; 
Eut – Eupatorietum cannabini typicum; Eua – Eupatorietum cannabini aegopodietosum; 
Euc – Eupatorietum cannabini cardaminetosum amarae; UCt – Urtico-Convolvuletum sepium 
typicum; UCa – Urtico-Convolvuletum sepium aegopodietosum; Ci – Cirsium arvense com-
munity; Ur – Urtica dioica community; Rj – Reynoutria japonica community; He – Helianthus 
tuberosus community; Ri – Rubus idaeus community; Gs – Galeopsis speciosa community.
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width, soil pH, and deciduous forest were also highly important (all correlated with Axis I), 
as well as the soil moisture content and the natural potential vegetation unit Ficario-Ulmetum 
chrysosplenietosum (correlated with Axis II) (Tab. 11).
Analysis of variation partitioning between the four groups of factors (Tab. 3) showed 
that the largest part of variation was explained by soil parameters (7.1%), followed by hy-
drogeomorphic variables (6.7%), potential and actual vegetation (5.9%), and land use (3.4%). 
On the other hand, 4.9% of the total variation was explained jointly by the four groups of 
aforementioned variables (Fig. 37).
As shown by the CCA ordination diagram (Fig. 38), Senecio fluviatilis, Cucubalus baccifer, 
Solidago gigantea, Rorippa sylvestris, Acer negundo, Chaerophyllum bulbosum, Erysimum chei-
ranthoides, Chenopodium album, Achillea salicifolia, and other species were associated with 
large rivers, with sites within a range of the natural potential vegetation unit Salici-Populetum, 
with soils most enriched with available Mg and K, as well as having the highest pH. In its 
turn, Climacium dendroides, as well as the sporadically occurring species not shown on the 
diagram (Cratoneuron filicinum, Mnium hornum, Valeriana dioica, Viola palustris, Juncus 
bulbosus, and Veronica beccabunga) were associated with the presence of headwater seeps, small 
rivers, the most shaded sites, sites with the highest soil moisture and organic matter content, 
and low pH. An array of taxa was associated with sites that were humid and shaded, with 
acidic and organic matter-rich soils, located within a range of the natural potential vegetation 
unit Ficario-Ulmetum chrysosplenietosum, which includes Crepis paludosa, Galium palustre, 
Geranium robertianum, Chrysosplenium alternifolium, Myosotis palustris, and Plagiomnium 
undulatum. Sites with equally low pH but featuring less humid and fertile soils support spe-
cies such as Rubus idaeus, Brachythecium rutabulum, Juncus effusus, Cirriphyllum piliferum, 
Holcus mollis, H. lanatus, Deschampsia caespitosa, and Galeopsis speciosa (Fig. 38).
Tab. 10 Results of CCA and DCCA for 300 samples of riparian tall herb fringe communities and 
282 species.
CCA* CCA1 CCA2 CCA3 CCA4 DCCA
Eigenvalues of axes Axis 1 0.453 0.150 0.114 0.100 0.130 0.453
Axis 2 0.261 0.125 0.103 0.089 0.074 0.218
Axis 3 0.218 0.106 0.090 0.079 0.061 0.187
Axis 4 0.194 0.089 0.087 0.074 0.058 0.137
Total inertia 14.508
Sum of all canonical values 4.067 0.970 1.035 0.857 0.496 4.067
% variation explained 28.033 6.686 7.134 5.907 3.419 28.033
CCA* – analysis with all 58 environmental variables; CCA1 – analysis with 13 hydrogeomorpho-
logical variables and the rest 45 variables – as covariables; CCA2 – analysis with 19 soil parameters 
and the rest 39 variables – as covariables; CCA3 – analysis with 17 variables of potential and actual 
vegetation and the rest 41 variables – as covariables; CCA4 – analysis with nine variables of land 
use form and the rest 49 variables – as covariables.
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Fig. 37 Partitioning of vegetation variance explained by 
four categories of variables: hydrogeomorphic variables, soil 
parameters, potential and actual vegetation and land use.
-1.0 0.8
-0
.4
1.
0
Aceneg
Achsal
Aegpod
Agrsto
Alopra
Anglit
Angsyl
Antsyl
Arrela
Artvul
Atrhas
Bidfro Falcon
Faldum
Braoed
Brariv
BrarutBroine
Calepi
Calsep
Carcri
CaractiCarhir
Carrip
Chabul
Chatem
Chealb
Chralt
Cirpil
Cirarv
Cirole
Cliden
Conarv
Crepal
Cucbac
CuseurCuslup
Dacglo
Descae
Echlob
Elycan
Elyrep
Epihir
Equarv
Equpal
Eryche
Eupcan
Eurhia
EurschFesaru
Fesgig
Filulm
Galbif
GalspeGaltet
Galapa
Galmol
Galpal
Gerrob
Geuriv
Geuurb
Glehed
Glymax
Heltub
Hersib
Hollan
Holmol
Humlup
Impcap
Impgla
Impnol
Imppar
Iripse
Juneff
Lacser
Lammac
Lapcom
Latpra
Lyceur
Lysvul
Lytsal
Menaqu
Myopal
Myoaqu
Petspu
Phaaru
Phraus
Plaund
Poapal
Poapra
Poatri
Polamp
Potans
Ranrep
Reyjap
Rorsyl
Rubcae
Rubida
Rumcri
Rumobt
Rumthy
SalcinB
SalfraB
SalvimB
Scisyl
Scrnod
Scrumb
Scugal
Senflu
Melalb
Soldul
Solgig
Stapal Stenem
Symoff
Tanvul
Thafla
Torjap
UlmlaeB
Urtdio
Valoff
Vercha
Verlon
Viccra
Long
Latit
Slope
Asp
RS
RW SDis
SElev
Shad
LOI
skelet
pH
Moist
C/N
K2O
MgO
Seeps
Flood
LoSa
SLSarushes
Sa-Po
Ca-Al
Fi-Uch
St-Ca
DF
CF
Tr
Fig. 38 CCA ordination plot with species (black triangles) and environmental variables (red 
arrows for numerical, red triangles for nominal), based on the whole dataset of 300 relevés, 
282 species, and 58 variables (only 133 species with at least 1% weight range and only 28 sig-
nificant variables are shown). Abbreviated species names consist of the first three letters of the 
genus Latin name and the species epithet. Species typical of large rivers (left side) and small 
rivers (right side) are underlined (cf. Tab. 9). Abbreviations denoting environmental variables 
are explained in Tab. 11.
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The distribution of samples on the resultant CCA diagram was clearly clustered (Fig. 39). 
The upper right-hand corner of the diagram contained a group of relevés primarily related to 
the subassociation Euc. These relevés were taken in the most shaded, fertile, and humid sites, 
associated with headwater seeps, and located within a range of the natural potential vegeta-
tion unit Ficario-Ulmetum chrysosplenietosum. The upper left-hand quarter of the diagram 
contained relevés from the Vistula valley (large river), with vegetation samples located relatively 
high above the water level in the river, frequently at some distance from the riverbed, within 
a range of the natural potential vegetation unit Salici-Populetum. All the patches represent-
ing the three vegetation units FC, Se, and CCh were found here. In addition, almost all the 
patches of the community So belong here as well. The left-hand side of the diagram, albeit 
lower than the group just described, was also the location of the relevés representing the AC 
and CCt, where the first was recorded only for large rivers, and the latter also on small ones. 
The cloud of points in the lower part of the diagram represents relevés taken mainly on small 
rivers with the communities SA, EC, Eut, UCt, UCa, and CCa. Somewhat higher and in the 
right-hand part of the diagram are the strongly shaded patches dominated by Rubus idaeus 
or Galeopsis speciosa (Fig. 39).
Results of DCCA proved that the previously performed CCA did not seriously suffer from 
a visible “arch effect.” The DCCA eigenvalues of ordination Axes II–IV were slightly lower 
(Tab. 10), and the correlation of variables probably responsible for the “arch effect” (headwater 
seeps, moisture, Ficario-Ulmetum chrysosplenietosum) with Axis II also lower and switched 
to negative. However, both analyses show similar general vegetation patterns (Fig. 40).
The results of the CVA showed that riparian tall herb fringe communities were significantly 
differentiated by 25 environmental factors (Tab. 12). The most important differentiating vari-
able was the natural potential vegetation unit Salici-Populetum, followed by headwater seeps, 
soil pH, and sample elevation, which explained 3.6%, 2.2%, 1.9%, and 1.8% of the vegetation 
variation, respectively. All the statistically significant variables explained 24% of the variation, 
whereas all the variables included in the CVA explained 33%. These results were consistent 
with the results of the CCA previously performed.
Distribution of the vegetation units in the CVA ordination space (Fig. 41) differentiated 
between two groups of tall herb fringe communities. These were the Se, FC, CCh, and So 
located in the upper right-hand quarter of the plot, and the AC, CCt, and Rc in the lower 
right-hand quarter. Both groups occurred by large rivers, at sites within a range of the 
natural potential vegetation unit Salici-Populetum, and on high pH soils. However, the sites 
occupied by the first group were more elevated, their soils moister and richer in K2O, had 
higher C/N ratios, and more frequently adjoined with communities of segetal weeds. On the 
other hand, the sites occupied by the other group were lower, in sunnier areas, had lower 
soil moisture, lower soil K2O, and a lower C/N ratio. They were more frequently located in 
the proximity of rushes.
Two other groups could be distinguished to the left of the plot (Fig. 41). They consisted of 
communities occurring on small rivers with low banks, lower soil pH, within a range of the 
natural potential vegetation units Fraxino-Alnetum, Ficario-Ulmetum chrysosplenietosum, or 
Carici elongatae-Alnetum. The first group, located in the upper left-hand quarter of the plot, 
consisted of the Euc, Ri, Gs, and Ur (i.e., plant communities associated with the most shaded 
sites occupying moist and wet soils, and sometimes near headwater seeps). The second group 
was comprised of UCa, Eua, CCa, UCt, EC, Eut, Im, and SA (i.e., the communities associated 
with less shaded riverbanks, soils with a relatively lower content of K2O, lower moisture, 
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Fig. 39 CCA ordination plot with samples and environmental variables (red arrows for 
numerical, red triangles for nominal), based on the whole dataset of 300 relevés, 282 species, 
and 58 variables (only 28 significant variables are shown). Abbreviations denoting environ-
mental variables are explained in Tab. 11. Abbreviations denoting plant communities are 
explained in Fig. 36.
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Fig. 40 DCCA ordination plot with samples and environmental variables (red arrows 
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communities are explained in Fig. 36.
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and lower C/N ratio). The location of the com-
munities with Fallopia dumetorum, Reynoutria 
japonica, Carduus crispus, Cirsium arvense, and 
Helianthus tuberosus could have been random, as 
they are each represented by a very low number 
of samples.
4.9. Level of invasion
Of the 27 alien species recorded in the riparian 
tall herb fringe communities in northwestern 
Poland, 14 were considered invasive aliens (all 
recorded neophytes, except for Acorus calamus 
and Sisymbrium loeselii, both species recorded 
only once). The most frequently recorded invasive 
alien species included Solidago gigantea (37 rele-
vés), Echinocystis lobata (31), Impatiens parviflora 
(25), Bidens frondosa (22), Acer negundo (13), and 
Impatiens glandulifera (12). The highest cover-
abundance was ascribed to Solidago gigantea, 
Impatiens glandulifera, Reynoutria japonica, and 
Helianthus tuberosus. All the invasive alien spe-
cies occurred in a total of 115 vegetation samples 
(accounting for 38% of all the relevés), producing 
a total of 167 records.
Invasive aliens were markedly more frequent 
on large rivers (116 records, 73 samples, 63.5% 
of all samples containing alien invasive plants, 
71.6% of all samples from large rivers) than on 
small ones (51 records, 42 samples, 36.5% of all 
samples containing alien invasive plants, 21.2% 
of all samples from small rivers). Large and small 
rivers were significantly different (p < 0.001) in 
terms of the invasive species richness and percent-
age of invasive flora, and both measures of the level 
of invasion were strongly correlated with river 
size. Moderate correlations with river width, soil 
pH, sample elevation, and CaCO3 occurred, with 
other correlations being weaker (Tab. S2). The 
invasive alien species distinctly associated with 
valleys of large rivers included Solidago gigantea, 
Bidens frondosa, Acer negundo, Rumex confertus, 
and Echinocystis lobata (Tab. 9, Fig. 19, Fig. 42, T
ab
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Fig. 43). More frequent on small rivers were Impatiens glandulifera, I. parviflora, Helianthus 
tuberosus, and Epilobium adenocaulon. The remaining invasive species were recorded only 
one–three times.
Particular tall herb fringe communities differed in their invasive species richness and 
percentage of invasive flora. Significant differences were observed between the Achilleo 
salicifoliae-Cuscutetum lupuliformis (AC) associated with large rivers and Urtico-Convolvuletum 
sepium (UC), Eupatorietum cannabini (Eu), Epilobio hirsuti-Convolvuletum sepium (EC), 
Rubus idaeus community (Ri), and Urtica dioica community (Ur), which occur primarily on 
small rivers. A significant difference in the invasive species richness also occurred between 
Convolvulo sepium-Cuscutetum europaeae (CC) and Urtico-Convolvuletum sepium (UC). As 
many as 17 out of 21 relevés of Achilleo salicifoliae-Cuscutetum lupuliformis (AC) were found 
to contain invasive species. In the case of the Convolvulo sepium-Cuscutetum europaeae (CC), 
invasive species were identified in 30 out of the 54 samples. The highest ratio between the 
number of invasive species-containing relevés and the total number of relevés (14/15) occurred 
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Fig. 41 CVA ordination plot with particular riparian tall herb fringe communities (black 
triangles) and the best discriminating significant variables (red arrows for numerical, red 
triangles for nominal). Plant communities similar in terms of their response to environmental 
variables are grouped within green circles. Abbreviations denoting environmental variables 
are explained in Tab. 11. Abbreviations denoting plant communities are explained in Fig. 36.
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Fig. 42 Acer negundo in riparian tall herb fringe vegetation in Vistula valley (photo M. Myśliwy, 
2012-07-04).
Fig. 43 Rumex confertus in riparian tall herb fringe vegetation in Vistula valley (photo M. Myśliwy, 
2012-07-05).
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for the subassociation Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi 
(CCh) that was closely associated with large rivers, the lowest ratio (3/19) occurred for the 
subassociation Convolvulo sepium-Cuscutetum europaeae aegopodietosum (CCa) occurring 
exclusively on small rivers. By definition, the communities built by invasive species contained 
them in each sample, for which reason significant differences in the invasive species rich-
ness and percentage of invasive flora were revealed also between the Impatiens glandulifera 
community (Im) and the Urtico-Convolvuletum sepium (UC), Eupatorietum cannabini (Eu), 
Epilobio hirsuti-Convolvuletum sepium (EC), Rubus idaeus community (Ri) and Urtica dioica 
community (Ur), as well as between the Solidago gigantea community (So) and the Urtico-
Convolvuletum sepium (UC) and Urtica dioica community (Ur).
Certain invasive species were markedly more frequent in some communities than in oth-
ers. Solidago gigantea most frequently occurred in Convolvulo sepium-Cuscutetum europaeae 
chaerophylletosum bulbosi (CCh) (12 records), Senecionetum fluviatilis (Se) (seven records), 
Fallopio-Cucubaletum bacciferi (FC) (seven records), and often formed its own communities 
(nine records). Acer negundo was most often recorded in Convolvulo sepium-Cuscutetum 
europaeae chaerophylletosum bulbosi (CCh) (seven records), whereas Bidens frondosa and 
Echinocystis lobata occurred in the Achilleo salicifoliae-Cuscutetum lupuliformis (AC) (13 and 
14 records, respectively). The largest generalist was Impatiens parviflora, recorded in 11 veg-
etation units.
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5. Discussion
5.1. Environmental underpinnings of variability in 
riparian tall herb fringe communities
Rivers vary in size. Furthermore, their habitat characteristics involve four dimensions: longi-
tudinal (down the river), lateral (river-floodplain), vertical (river-groundwater), and temporal 
[171]. Swanson et al. [172] suggested that the “spatial variation of riparian characteristics takes 
place along the continuum of increasing stream size from small headwater streams to large 
rivers”. The results of the present study showed that river size is one of the most important 
variables differentiating riparian tall herb fringe communities of the order Convolvuletalia 
sepium. River size was significantly correlated with almost all the hydrogeomorphic and soil 
characteristics of the sites examined, with the strongest correlation observed for riverbed 
width, sample distance from the riverbed, soil pH, sample elevation above the river water 
level, clay fraction contribution, and CaCO3 content in the soil.
Valleys of large rivers in northwestern Poland supported 13 vegetation units, four of which 
(Senecionetum fluviatilis, Fallopio-Cucubaletum bacciferi, Achilleo salicifoliae-Cuscutetum 
lupuliformis, and Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi subass. 
nov.) were restricted to large rivers, and three others (Convolvulo sepium-Cuscutetum euro-
paeae typicum, Rubus caesius community, and Solidago gigantea community) were mostly 
associated with them. A significant contribution of specialist species in plant communities 
growing in valleys of large rivers is caused by the sorting of species along gradients created 
by water table depth and stream power [173]. For example, the river corridor plants, e.g., 
Achillea salicifolia, Chaerophyllum bulbosum, Cucubalus baccifer, Cuscuta europaea, C. lupu-
liformis, Senecio fluviatilis, and Petasites spurius, were frequent components of the tall herb 
fringe communities examined. The main drivers responsible for their distribution patterns 
included the regular disturbance by flooding, constant water availability and nutrient supply 
[15], and higher temperature and soil pH in the valleys of large rivers compared to that of 
adjacent areas [16], or the fact that river corridor plants are not capable of taking advantage 
of more benign conditions outside stressful habitats [174].
In contrast, the riparian tall herb fringe communities studied in valleys of small rivers 
were mainly composed of generalist species, not restricted to river corridors, but inhabiting 
other systems (ditches, meadows, forest clearings) as well, e.g., Epilobium hirsutum, Eupato-
rium cannabinum, Calystegia sepium, Filipendula ulmaria, and Galeopsis speciosa. This was 
caused by the fact that small rivers produce narrow floodplains with restricted geomorphic 
development, which causes weaker species sorting along the hydrologic gradient [23] and 
requires fewer specific adaptations to the aquatic/terrestrial transition zone [7]. Furthermore, 
the floristic composition of plant communities growing on narrow floodplains of small (low-
order) rivers is more strongly influenced by adjacent assemblages than that of communities 
found on large (higher-order) rivers [23]. As demonstrated in this study, and as summarized 
in the synoptic table provided, plant communities associated with small rivers (Eupatorietum 
cannabini, Epilobio hirsuti-Convolvuletum sepium, Soncho palustris-Archangelicetum litoralis, 
Urtico-Convolvuletum sepium, Convolvulo sepium-Cuscutetum europaeae aegopodietosum, 
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Urtica dioica community, Galeopsis speciosa community, and Rubus idaeus community) are 
rich in meadow, forest, and mesic fringe species, e.g., Filipendula ulmaria, Stellaria nemorum, 
and Anthriscus sylvestris, respectively. Matthews et al. [23] and Pielech [31] likewise found 
that stream order (an indication of river size) was a strong factor differentiating among vari-
ous forest vegetation types on alluvia. A close relationship between riparian vegetation (the 
number of plant communities) and stream size was also reported by Dunn et al. [175] and 
Dybkjær et al. [19].
Elevation above the river water level and distance from the riverbed were important 
explanatory factors of variation in the riparian tall herb fringe communities of the order 
Convolvuletalia sepium. Moreover, the present study demonstrated that the variables were 
significantly correlated with river size. The latter in turn determines flow and flood regimes 
and may serve as a proxy of flooding disturbance. The elevation and distance themselves have 
a close relationship with flooding frequency. Annual water-level variation in large rivers may 
span several meters; therefore, the tall herb fringe communities studied in valleys of large 
rivers were found even at the relative altitude of several meters and tens of meters away from 
the riverbed, whereas the communities associated with small rivers occurred relatively close to 
the river and only at low altitudes. Simple indicators of the flood regime, such as the distance 
to the main channel, relative elevation, and position relative to levees, are as informative as 
detailed and expensive hydrologic modelling [26]. Significant correlations between riparian 
vegetation patterns and sample elevation above or the distance away from the river channel 
were reported also by van Coller et al. [176], Hrivnák [177], Bufková and Prach [178], and 
Yang et al. [10], whereas Menges and Waller [179] showed that relative elevation influences 
the distribution of floodplain herbs.
The data in this study showed the riparian tall herb fringe communities of the order Con-
volvuletalia sepium to be photophilous. The tall herb fringe communities on sunny riverbanks 
showed the highest species richness (an average of 16.6 plant species per sample), whereas 
the vegetation samples subjected to low and strong shading were more species-poor (an 
average of 15.9 and 15.2 species per sample, respectively). Moreover, the degree of shading 
was found to be significantly different between the communities developing on large and 
small rivers. Swanson et al. [172] also demonstrated that availability of sunlight changes with 
the increase in stream size. Small headwater floodplains are dominated by forests. A dense 
canopy produces heavy shading, which suppresses the development of herbs. On the other 
hand, the canopy along medium-sized and large rivers is at least partially open, which allows 
light-demanding plants to establish. Menges and Waller [179] suggested that the combination 
of low light and frequent flooding disturbance strongly reduces plant growth. This is also in 
agreement with the suggestion by Grime [180] that the combined effects of high stress (here 
the light) and severe disturbance (here the inundation) preclude plant adaptation and prevent 
the recovery of destroyed vegetation.
Van Coller et al. [176] stressed that, for geomorphologically complex rivers, a simple gradi-
ent approach does not deal successfully with the complexity of the patch mosaic structure. 
Therefore, to describe vegetation patterns, they used the main riparian gradients (elevation 
above and horizontal distance away from the active channel) in combination with a geomorphic 
patch hierarchy framework (channel type, morphologic units, and surface substratum type). 
The patch perspective (although without the hierarchy) was incorporated into the present 
study in the form of granulometric soil groups (substratum type), as well as land use forms 
and the natural potential vegetation cartographic units. The latter in particular turned out to 
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be a very important factor explaining the riparian tall herb fringe community distribution 
pattern. The natural potential vegetation unit Salici-Populetum produced the highest inter-set 
correlation along the first CCA axis, whereas the unit Ficario-Ulmetum chrysosplenietosum 
was strongly correlated with the second CCA axis. The integration of gradient and patch 
perspectives significantly improved the comprehension of the riparian vegetation pattern, 
because these two perspectives underpin different processes shaping the vegetation [176]. 
It should be emphasized that the variable “natural potential vegetation unit,” represented in 
this study by 10 categories, has a very complex nature and comprises a number of factors, 
both microclimatic and edaphic. Similarly, the land use form, e.g., arable land, may, on the 
one hand, affect chemical parameters of the soil adjacent to an arable field, and on the other, 
could enhance weed growth in tall herb communities and even be associated with mechani-
cal destruction of those communities by agrotechnical practices. The complex nature of the 
patchiness at different spatial and temporal scales was also referred to by van Coller et al. 
[176], because an individual patch reflects the interaction of hydrological and fluvial processes 
with geology and topography.
Evaluation, based on a wide range of factors, of major gradients shaping variation of 
the vegetation, as conducted in the present study, provides a framework for the holistic 
understanding of riparian ecosystem structure and functioning. The four selected groups 
of variables can be arranged in the following order of their relative importance, determined 
by the decomposition of variance: soil parameters, hydrogeomorphic variables, actual and 
potential vegetation, and land use form (a proxy of disturbance level). Although the land use 
form explained the smallest part of riparian tall herb fringe vegetation variation, which is in 
agreement with results reported by Turner et al. [26] and Douda [29], it should be consid-
ered in studies of riparian vegetation responses to environmental variables because of the 
widespread human influence on river valleys [29]. The simultaneous analysis of numerous 
environmental variables such that a broader environmental context may be achieved also 
has been postulated by Turner et al. [26] and Lyon and Gross [28].
The environmental data used in this study allowed for the conclusion that the tall herb 
fringe communities associated with large rivers differ significantly, with respect to their 
habitat conditions, from the plant communities occurring along small rivers. The important 
differences between large and small river sites include the degree of shading, proportion of 
all grain size fractions in the soil, contents of organic matter, humus, organic carbon, and 
total nitrogen, available phosphorus, potassium, magnesium, and calcium, soil pH, and 
C/N ratio. The differences in environmental characteristics of particular plant communities 
were demonstrated as well. The variables which best discriminated between riparian tall herb 
fringe communities included pH, the contents of K2O and CaO, the C/N ratio, and moisture. 
The clay, silt, and sand percentages in the soil were also significantly different between the 
communities examined in the present study. The variation observed in the soil chemistry and 
texture was related both to large and small rivers, as significant differences were revealed not 
only between the communities of large and small rivers, but also between the communities 
within the same group. This is in contrast to the results reported by Matthews et al. [23] who 
attributed the differences between forest communities associated with smaller rivers primar-
ily to soil chemistry (nutrients and pH), while relating the soil texture gradient to variation 
within larger floodplain forests.
The present study showed that the contents of bioavailable phosphorus, potassium, and 
magnesium were significantly higher at large river sites than at those situated on small rivers. 
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This finding is in agreement with results reported by Spink et al. [2], who concluded that 
larger rivers tended to have more nutrient-rich floodplains. However, regarding the contents 
of organic carbon, humus, and total nitrogen, the present data showed them to be significantly 
higher in small river soils. Although riparian habitats are considered to be very productive, 
surprisingly few data on floodplain nutrient dynamics are available [2,181,182]. Pinay et al. 
[181] stressed the importance of geomorphic patterns, which directly control the C, N, and 
P accumulation in riparian soils through erosion/sedimentation processes, and that can 
completely change as the channel evolves. However, Spink et al. [2] demonstrated factors other 
than soil fertility (e.g., high or low temperature, drought, flooding) to be extremely important 
in valleys of large rivers where the supply of bearing sediments is so large that nutrients are 
no longer limiting. This highlights the complexity of river-floodplain systems and poses some 
important questions about processes underlying soil nutrient dynamics and the interactions 
between various factors affecting riparian vegetation that need to be explored [2].
5.2. A syntaxonomic approach to the plant communities studied
The results of this study confirm that the riparian tall herb fringe communities in Central 
Europe are correctly divided into two groups (alliances) and for the first time provide clear 
evidence that they are significantly floristically and ecologically distinct, depending on the 
river size: (i) communities associated with large rivers should be assigned to the Senecionion 
fluviatilis alliance, (ii) communities occurring on small rivers and other water bodies represent 
the Archangelicion litoralis. In the first group, are important specialist plant species with char-
acteristic distribution patterns, i.e., river corridor plants. In the second group are important 
species with a broad habitat spectrum that are frequently common, with the exception of 
Angelica archangelica, a species occurring in the tall herb fringe communities near the sea 
shore and included in the list of river corridor plants [15,16].
The river valleys of northwestern Poland supported a total of 24 vegetation units represent-
ing tall herb fringe communities from the order Convolvuletalia sepium. Two subassociations 
(Convolvulo sepium-Cuscutetum europaeae chaerophylletosum bulbosi subass. nov., Eupatorietum 
cannabini cardaminetosum amarae subass. nov.) are described here for the first time, whereas 
six others (Convolvulo sepium-Cuscutetum europaeae typicum and aegopodietosum, Eupato-
rietum cannabini typicum and aegopodietosum, and Urtico-Convolvuletum sepium typicum 
and aegopodietosum) have not been previously reported from Poland. No phytosociological 
documentation on rare and endangered associations (Senecionetum fluviatilis) has been 
published to date in Poland or only single phytosociological relevés (Fallopio-Cucubaletum 
bacciferi) have been available.
The data summarized in the synoptic table indicate that the species diagnostic for the dif-
ferent plant communities should be revised on the supra-regional scale. For example: (i) in the 
opinion of Müller [71] and Matuszkiewicz [37], Thalictrum flavum and Valeriana officinalis 
belong to the species differential for the Senecionetum fluviatilis, but this is not confirmed by 
the results of this study. (ii) According to Brzeg and Wojterska [61], the differential species of 
the Achilleo salicifoliae-Cuscutetum lupuliformis include Calamagrostis epigejos, Thalictrum 
flavum, and Veronica longifolia. However, in northwestern Poland, the first two species are not 
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bound to the association; in turn, besides Veronica longifolia, also Petasites spurius, Galium 
elongatum, Rorippa palustris, Echinocystis lobata, and Bidens frondosa may be regarded as 
differential species. It is worth noting that the relevés of the Achilleo salicifoliae-Cuscutetum 
lupuliformis taken on the Noteć River could be referred to as the subcontinental variety 
with Petasites spurius, as described by Passarge [147]. (iii) The species characteristic of the 
Convolvulo sepium-Cuscutetum europaeae include: Cuscuta europaea, C. lupuliformis, and 
C. gronovii [36]; C. europaea together with the American species of the genus Aster (e.g., 
A. lanceolatus, A. novi-belgii, A. × salignus) [37]; or only C. europaea [61,68]. The latter 
approach was applied in this study. (iv) Matuszkiewicz [37] considers Epilobium hirsutum, 
E. parviflorum, E. roseum, and Scrophularia umbrosa as the species characteristic of Epilobio 
hirsuti-Convolvuletum sepium. The last species of those listed occurs in northwest Poland 
equally frequently in other herb communities on small rivers. On the other hand, Brzeg and 
Wojterska [61] consider Sonchus arvensis subsp. uliginosus and S. palustris, in addition to the 
Epilobium species, as characteristic of the community, but both species are rare in tall herb 
fringe communities in northwestern Poland and are found in different communities. Brzeg 
and Wojterska [61] regard Filipendula ulmaria, Rumex hydrolapathum, Scrophularia umbrosa, 
Typha latifolia, and Phragmites australis as the differential species, whereas, perhaps except 
for the rarely encountered Rumex hydrolapathum, they are not diagnostic of this community 
in northwestern Poland.
The large heterogeneity of habitats occupied by the Convolvulo sepium-Cuscutetum euro-
paeae in the area of study resulted in significant floristic diversity and structure, which made it 
possible to distinguish three subassociations: a typical one, a subassociation with Aegopodium 
podagraria, and a newly described subassociation with Chaerophyllum bulbosum. The latter 
is similar to the subcontinental race described by Görs and Müller [149], and clearly differs 
from the Chaerophylletum bulbosi Tx. 1937, most often assigned to the alliance Aegopodion 
podagrariae and containing a set of plant species diagnostic of this group of mesic fringe 
assemblages (cf. [71]). Even the phytocoenoses described as the Chaerophylletum bulbosi 
cuscutetosum [63,71,154] differ in their floristic composition from the new vegetation unit 
presented in this study. Furthermore, distinguishing a separate association with Chaerophyl-
lum bulbosum has been criticized several times as unjustified [57,149], and the community 
with the species as a dominant has been assigned to a number of different alliances, and even 
orders (cf. [69,147,148]). All this renders the diagnostic value of Chaerophyllum bulbosum 
questionable as a species diagnostic of its own association [149].
Some vegetation samples representing the Convolvulo sepium-Cuscutetum europaeae 
typicum in northwestern Poland were missing dodder (Cuscuta europaea). The German 
literature has widely discussed the problem of Cuscuta europaea disappearance from ripar-
ian tall herb fringe communities (e.g. [57,59,64,147]). The prevailing view, adopted also in 
the present study on the basis of author’s observations, holds that the lack of C. europaea 
cannot be the sole reason for qualifying herb assemblages as a separate community, the 
Urtico-Convolvuletum sepium.
The vegetation samples of the Convolvulo sepium-Cuscutetum europaeae aegopodietosum 
from northwestern Poland miss some species, diagnostic for the subassociation in the opinion 
of Müller [71], including Alliaria petiolata, Ficaria verna, Lamium album, and Melandrium 
rubrum. On the other hand, fairly frequent were Galeopsis speciosa, Stellaria nemorum, Cirsium 
oleraceum, and Filipendula ulmaria, i.e., the species typical of the communities occurring 
in valleys of small rivers. It was on small rivers that the subassociation was recorded in this 
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study, which renders the community intermediate between the alliances Senecionion fluviatilis 
and Archangelicion litoralis.
In the original diagnosis, the Urtico-Convolvuletum sepium was described as an “incom-
plete community” (Rumpfgesellschaft) characterized by the lack of species diagnostic for 
the alliance Senecionion fluviatilis [149]. In the opinion of Brzeg [36], the community differs 
from the Convolvulo sepium-Cuscutetum europaeae by the absence of dodder and by the 
presence of species from the alliance Aegopodion podagrariae, as well as by the occurrence in 
valleys of small rivers. Differentiation between the two associations is, however, not easy, as 
evidenced by the results presented in this work, i.e., the presence of the Convolvulo sepium-
Cuscutetum europaeae aegopodietosum, with both Cuscuta europaea and species from the 
alliance Aegopodion podagrariae, as well as the Convolvulo sepium-Cuscutetum europaeae 
typicum lacking dodder.
Some authors regard the Urtico-Convolvuletum sepium as unjustified [57,69,159], and 
usually combine it with the Convolvulo sepium-Cuscutetum europaeae. However, the CVA 
conducted in this study showed that, although the Convolvulo sepium-Cuscutetum europaeae 
aegopodietosum was located in the ordination space close to the Urtico-Convolvuletum sepium 
typicum and aegopodietosum, the opposite part of the plot featured the Convolvulo sepium-
Cuscutetum europaeae typicum and chaerophylletosum bulbosi subass. nov. Both subassocia-
tions of Convolvulo sepium-Cuscutetum europaeae occur on large rivers, in the range of the 
natural potential vegetation unit Salici-Populetum, on soils with higher pH. In addition, the 
sites of the subassociation with Chaerophyllum bulbosum were more elevated, and the soils 
were moister and richer in K2O. Instead, the Urtico-Convolvuletum sepium was associated 
with small rivers, the range of the natural potential vegetation units Fraxino-Alnetum, Ficario-
Ulmetum, or Carici elongatae-Alnetum and with soils of lower pH, that were richer in CaO 
and the skeletal fraction. Siedentopf [63] also found the combination of the two associations 
to be very problematic, as they occur at differing sites. The absence of diagnostic species for 
the Senecionion fluviatilis in phytocoenoses of the Urtico-Convolvuletum sepium becomes 
obvious when the association is assigned to the Archangelicion litoralis, as clearly indicated by 
the results of this work. The association Urtico-Convolvuletum sepium was primarily defined 
by the absence of positive diagnostic species; therefore, it may be called the “central associa-
tion” of the alliance Archangelicion litoralis, as postulated by, inter alia, Koska [62].
The phytosociological literature lists two herb communities with Angelica archangelica 
subsp. litoralis. The first described by Tüxen [141], is the subhalophilous Soncho palustris-
Archangelicetum litoralis and the other, described by Passarge [144,183], is the nonhalophilous 
Convolvulo-Archangelicetum. The discussion of the syntaxonomic position and relationships 
between the two communities has been very lively (e.g., [63,82,150,154,184]). However, be-
cause of the lack of their own characteristic species, or even good differential species, it is not 
justified to keep the two associations. A broad approach to Soncho palustris-Archangelicetum 
litoralis (incl. Convolvulo-Archangelicetum) has been postulated by Brzeg and Wojterska [61], 
Matuszkiewicz [37], Koska [62], Ratyńska et al. [68], and Zgrabczyńska and Brzeg [82]. The 
subassociations and variants of the Soncho palustris-Archangelicetum litoralis described in 
Poland to date [82] are not consistent with the internal variability of the community as observed 
in this study. A final decision regarding the community division into lower syntaxonomic 
units will be possible only after relevés from Central Europe have been analyzed.
The phytosociological literature considers the Eupatorietum cannabini, described by 
Tüxen [141], as a forest clearing community of the class Epilobietea angustifolii, whereas the 
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Eupatorio-Convolvuletum was described by Görs [59], as different from the previous one 
and assigned to the order Convolvuletalia sepium in the class Artemisietea vulgaris. However, 
good diagnostic species characteristic for both associations cannot be defined in this case 
either. According to Müller [71], Tüxen’s clearing community should not be retained, because, 
although Eupatorium cannabinum can be differential for various forest clearing assemblages, 
the species occurs predominantly in riparian tall herb communities. Other authors maintain 
that the species has two clear ecological optima: one in riparian tall herb communities and 
the other in the natural gaps in tree stands and on clearings produced by the removal of fertile 
alder carrs and riparian woodland [36,147,185,186]. The problem with the classification of 
communities dominated by Eupatorium cannabinum is resolved by the broad approach to 
the class Epilobietea angustifolii proposed by Mucina et al. [70]. The present work proposes 
setting off a single association dominated by Eupatorium cannabinum with its original 
Tüxen’s name Eupatorietum cannabini and assigning to it both the phytocoenoses typical 
of riparian tall herb fringe communities (subassociations Eupatorietum cannabini typicum 
and aegopodietosum) and those developing in gaps in alder carrs and head water tree stands 
(Eupatorietum cannabini cardaminetosum amarae subass. nov.). Koska [62] regarded the name 
Eupatorietum cannabini as nomen dubium. This opinion is not shared by the author of this 
study, because Tüxen’s [141] synoptic table based on relevés serving as the nomenclatural type 
cannot be treated as so complex as to preclude assigning them to the community discussed 
(cf. Art. 37 ICPN [99]). Tüxen [65] himself pointed out that the phytosociological affinity of 
Eupatorietum cannabini he described requires further study, because the floristic composition 
deviates from typical clearing communities.
A point for a new approach to the class Epilobietea angustifolii [70] is also provided by the 
herb fringe communities, documented from northwestern Poland and dominated by Galeopsis 
speciosa and Rubus idaeus, their nature being clearly intermediate between the riparian and 
clearing herb communities. These species occur most frequently in forest clearings, but their 
communities were distinctly associated with river channels, and their floristic composition 
feature characteristic and differential species of communities from the order Convolvuletalia 
sepium (e.g., Galium aparine, Humulus lupulus, Carex acutiformis, Lysimachia vulgaris, Car-
duus crispus, Eupatorium cannabinum, Phalaris arundinacea, Calystegia sepium, and Fallopia 
dumetorum). The presence of both plant communities in the Piaśnica River valley had already 
been reported by Myśliwy [187]. No description of a similar community with Rubus idaeus 
is in the available literature, except for the floristically different, typical clearing community 
Rubetum idaei Pfeiffer 1936 em. Oberd. 1973 [37,67]. On the other hand, Mucina [69] de-
scribed a more ruderal assemblage with Galeopsis speciosa, featuring Urtica dioica, Mentha 
longifolia, and Rubus fruticosus agg. and growing on the fringes of forests and roads.
5.3. Plant invasions in river valley communities
Riparian habitats are extremely rich in alien invasive plants, which can find appropriate 
ecological niches in the riparian zone [11,43,47,188–190]. Many of these plants spread along 
watercourses and exhibit river corridor distribution patterns, at least at the early stage of 
their invasion history [15]. Probably the main reasons for such distribution patterns include 
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hydrochory and availability of open sites created by destructive flooding events [15,191]. Of 
the aliens recorded in tall herb fringe communities in northwestern Poland, Bidens frondosa 
was included in Burkart’s [15] river corridor plants list. According to Tokarska-Guzik [192], 
Acer negundo, Echinocystis lobata, Rumex confertus, Solidago canadensis, and S. gigantea are 
also associated with river valleys. Solidago canadensis was sporadically recorded in the riparian 
tall herb fringe communities in the area of study, whereas S. gigantea was clearly linked with 
rivers. According to Szymura and Szymura [193], this can be the effect of early colonization 
patterns (priority effect), rather than the result of differences in habitat preferences of both 
Solidago species. Both species show no differences with respect to moisture, as expressed by 
topographic wetness index, or the composition of the co-occurring vascular plant species 
[193]. However, in the opinion of Nobis and Skórka [16], alien plants should not be included 
in the list of river corridor plants at all.
Results of this study indicate that the establishment of alien invasive species in riparian tall 
herb fringe communities is more common in valleys of large rivers and the Szczecin Lagoon 
than in the valleys of small rivers. Large river floodplains are subjected to regular inundation 
events producing new niches available for colonization. In addition, valleys of large rivers 
are often anthropogenically transformed and deforested, hence they receive a higher supply 
of diaspores of alien species. The riverbed width, directly related to the size of the river, also 
emerged as an important predictor of the level of plant invasion in the study of Liendo et 
al. [194]. The distribution patterns of alien plants shown by Planty-Tabacchi et al. [195] and 
confirmed by studies of Truscott et al. [196], point to a longitudinal trend along the river, 
whereby the number of aliens, relatively low in headwaters, increases consistently down 
river. Planty-Tabacchi et al. [195] list three main reasons for the high abundance of aliens in 
downstream river reaches: a greater share of specialized plants because of the disturbance 
flood regime, a milder climate, and a greater human effect. In addition, anthropogenic river 
regulation was indicated as an important factor increasing the susceptibility of riparian 
vegetation to invasion [197,198].
Differences in propagule pressure among various land use forms clearly influence the 
level of invasion: in the present study, approximately 60–70% of vegetation samples taken in 
the vicinity of buildings and arable land contained alien invasive species, whereas they were 
present in only 25% of samples collected near meadows and forests. Agricultural intensifica-
tion and urbanization are among the most important land-use drivers affecting the incidence 
of alien invasive species [199]. A higher invasion level at sites subjected to a high level of 
anthropogenic pressure was also reported by Lambdon et al. [200], Liendo et al. [194,201], 
and Myśliwy [202].
The present results showed no significant differences between the Solidago gigantea or 
Impatiens glandulifera communities and the other riparian tall herb fringe communities 
examined regarding the number of species, Shannon’s diversity, and evenness. Moreover, the 
original floristic composition of native communities was recognizable in some samples with 
a relatively high contribution of the two alien species, because the species diagnostic for the 
original communities were still present. This confirms that although some alien plant species 
significantly affect the composition and structure of native plant communities, other invad-
ers produce very little or no effect on species richness and diversity [203,204]. According to 
Hejda et al. [205], Reynoutria japonica belongs to the former group, Impatiens glandulifera 
to the latter, whereas Helianthus tuberosus and Solidago gigantea appear to be intermediate in 
terms of their effect. In addition, wetland plant diversity is considered low, regardless of the 
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dominant being a native or an alien species [206], which is indeed the case in the riparian 
tall herb fringe communities.
Neophyte dominated phytocoenoses have been treated in publications as separate associa-
tions or as plant communities without any syntaxonomic rank (e.g., [37,61,67,69,157,159]). 
Because of the wide ecological amplitude of numerous alien species, they can penetrate 
ruderal, seminatural, and natural communities representing different alliances (Senecionion 
fluviatilis, Aegopodion podagrariae, Arction lappae, Dauco-Melilotion). While considering the 
presence of typically ruderal and typically riparian communities dominated by particular alien 
species, it was decided for the purpose of the present study not to assign them any rank.
It is often possible to identify a native plant community penetrated by a given neophyte. 
Passarge [147] treated such synusia with different alien species as facies. In this study, various 
intermediate forms between phytocoenoses dominated by Solidago gigantea and Senecionetum 
fluviatilis or Fallopio-Cucubaletum bacciferi, as well as between phytocoenoses dominated 
by Impatiens glandulifera and Eupatorietum cannabini or Epilobio hirsuti-Convolvuletum 
sepium were observed. Each vegetation sample with the contribution of alien invasive spe-
cies was identified with the particular native association as long as its floristic composition 
was recognizable.
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6. Conclusions
Quantitative description and classification of alluvial vegetation are very important for conser-
vation and restoration purposes. The results presented provide a comprehensive description 
of riparian tall herb fringe communities representing the order Convolvuletalia sepium in 
northwestern Poland, including their environmental settings. A total of 24 vegetation units 
were documented, and the key underlying gradients and major environmental factors that 
influence the vegetation patterns observed were identified. The study shows that:
 ■ Floristic and ecological differences between communities occurring in valleys of large 
rivers and in small rivers (e.g., plant species richness, moss layer cover, contribution of 
river corridor plants, influence of adjacent plant communities on the floristic composition, 
relative elevation and distance away from the riverbed, degree of shading, soil texture 
and pH, and contents of nutrients) justify their division into two alliances: Senecionion 
fluviatilis associated with large rivers, and Archangelicion litoralis associated with small 
rivers and other water bodies.
 ■ Significant differences in environmental characteristics of the particular tall herb fringe 
communities, as well as an array of factors significantly discriminated between them (e.g., 
the natural potential vegetation, soil pH, sample elevation, river size, flooding, degree 
of shading, soil moisture content, K2O and CaO contents, C/N ratio) showed that most 
vegetation units examined were well defined.
 ■ The understanding of riparian vegetation patterns can be significantly improved when the 
evaluation of variation in the vegetation is based on a wide range of factors (e.g., hydrogeo-
morphic and soil characteristics), and when the main riparian gradients are integrated 
with the patch perspective (e.g., natural potential vegetation units, land use forms).
 ■ The tall herb fringe communities of the order Convolvuletalia sepium are multilayered and 
floristically diverse assemblages that occur in ecotone systems and are therefore frequently 
penetrated by species from adjacent plant communities. Such sporadic species may be 
indicative of special microhabitat conditions (e.g., species typical of headwaters, forests, 
and meadows); thus, it is advisable to include them in the analyses.
 ■ The high floristic variability and the dominance of different species in the particular tall 
herb assemblages are the main reason to distinguish between numerous individual associa-
tions, subassociations, variants, and facies, the diagnostic species of which are frequently 
of only local or regional importance. A final decision regarding the association division 
into lower syntaxonomic units and identification of diagnostic species of supraregional 
importance will be possible only after a comprehensive numerical analysis of the Central 
European relevés.
 ■ The inclusion of the order Convolvuletalia sepium to the class Epilobietea angustifolii resolves 
the problem of classifying the community dominated by Eupatorium cannabinum, a species 
showing two ecological optima: one in riparian tall herb communities and the other in 
natural gaps of the tree stands and clearings of fertile alder carrs and riparian woodlands, 
as well as the problem of classifying the communities dominated by Galeopsis speciosa 
and Rubus idaeus, intermediate between riparian tall herb and clearing communities.
 ■ The tall herb fringe communities occurring along large rivers showed a higher level of 
invasion compared with the communities from small rivers. Alien invasive plants enter 
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different native associations, depending on the river size. Solidago gigantea and Impatiens 
glandulifera produced a low effect on the species richness and diversity of the riparian tall 
herb fringe communities examined. While considering the presence of typically riparian or 
typically ruderal communities dominated by alien species, it is more appropriate to leave 
them without any syntaxonomic rank and to assign them to a recognized alliance or order.
The documentation collected in this study contributes to the knowledge on the distribu-
tion and diversity of riparian tall herb fringe communities and may serve as a reference for 
management of the vegetation in river valleys and to promote their conservation. It will be 
also essential for any future syntaxonomic revision of riparian tall herb fringe communities 
at a larger geographical extent.
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8. Appendix 1. Lists of diagnostic species (characteristic and 
differential) for riparian tall herb fringe communities of the 
order Convolvuletalia sepium based on literature sources
Senecionetum fluviatilis T. Müller ex Straka in Mucina 1993
Characteristic species. Senecio fluviatilis (transgr., dom.), Cucubalus baccifer.
Differential species. Thalictrum flavum, Valeriana officinalis.
Fallopio-Cucubaletum bacciferi Passarge 1976
Characteristic species. Cucubalus baccifer (opt.), Fallopia dumetorum (loc.).
Achilleo salicifoliae-Cuscutetum lupuliformis Tx. ex Passarge 1993
Characteristic species. Achillea salicifolia, Cuscuta lupuliformis, Euphorbia palustris, Senecio 
paludosus.
Differential species. Calamagrostis epigejos, Rorippa amphibia, Thalictrum flavum, Veronica 
longifolia.
Convolvulo sepium-Cuscutetum europaeae Tx. ex Lohmeyer 1953
Characteristic species. Cuscuta europaea (opt.), C. gronovii (loc.), Aster div. spec.
Differential species. Brassica nigra.
Convolvulo sepium-Cuscutetum europaeae aegopodietosum Lohmeyer 1975
Differential species. Lamium maculatum, Aegopodium podagraria, Heracleum sphondylium, 
Ficaria verna, Alliaria petiolata, Melandrium rubrum, Cruciata laevipes, Lamium album, 
Chaerophyllum aureum.
Convolvulo sepium-Asperuletum aparine Tx. ex Faliński 1966
Characteristic species. Galium rivale (= Asperula aparine).
Fallopio-Humuletum lupuli Brzeg ex Brzeg et Wojterska 2001
Characteristic species. Fallopia dumetorum (opt.), Humulus lupulus (opt., dom., subdom.).
Differential species. Alnus glutinosa, Cornus sanguinea, Sambucus nigra, Ulmus minor, 
U. laevis.
Carduo crispi-Rubetum caesii Brzeg in Brzeg et Wojterska 2001
Characteristic species. Carduus crispus (opt.), Rubus caesius (opt.).
Sicyo angulatae-Echinocystietum lobatae Fijałkowski ex Brzeg et Wojterska 2001
Characteristic species. Bryonia alba (loc.), Echinocystis lobata (dom., subdom.), Sicyos 
angulata (loc.).
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Rudbeckio-Solidaginetum Tx. et Raabe 1950
Characteristic species. (?)Rudbeckia hirta, R. laciniata, Solidago canadensis (opt.), S. gigantea, 
S. graminifolia.
Helianthetum decapetali (Moor 1958) Morariu 1967
Characteristic species. Halianthus tuberosus, H. decapetalus, et al. (dom.).
Impatienti glanduliferae-Convolvuletum sepium Hilbig 1972
Characteristic species. Impatiens glandulifera (opt.).
Polygonetum cuspidati Görs et Müller in Görs 1975
Characteristic species. Reynoutria japonica (dom.).
Asteretum lanceolati Holzner et al. 1978
Characteristic species. Aster lanceolatus et div. spec. (dom.).
Urtico-Convolvuletum sepium Görs et T. Müller 1969
Characteristic species. Calystegia sepium, Myosoton aquaticum, Symphytum officinale, et 
al. (loc.).
Differential species. Galium aparine, Urtica dioica (dom.), Anthriscus sylvestris, Dactylis 
glomerata.
Urtico-Convolvuletum sepium aegopodietosum Görs 1974
Differential species. Lamium maculatum, Aegopodium podagraria, Heracleum sphondylium, 
Ficaria verna, Alliaria petiolata, Melandrium rubrum, Cruciata laevipes, Lamium album, 
Chaerophyllum aureum.
Soncho palustris-Archangelicetum litoralis Tx. 1937
Characteristic species. Angelica archangelica subsp. litoralis (subdom.), Sonchus palustris 
(transgr., loc.).
Differential species. Oenanthe lachenalii, Phragmites australis.
Soncho palustris-Archangelicetum litoralis phragmitetosum 
Zgrabczyńska et Brzeg 2010
Differential species. Carex acutiformis, Cirsium oleraceum, Phragmites australis.
Soncho palustris-Archangelicetum litoralis tanacetetosum 
Zgrabczyńska et Brzeg 2010
Differential species. Achillea millefolium, A. salicifolia, Agrostis stolonifera, Artemisia vulgaris, 
Rumex acetosa, Tanacetum vulgare, Thalictrum flavum.
Epilobio hirsuti-Convolvuletum sepium Hilbig et al. 1972
Characteristic species. Epilobium hirsutum (opt., dom.), E. parviflorum (opt.), E. roseum 
(transgr.), Sonchus arvensis subsp. uliginosus (opt.), S. palustris (loc.).
Differential species. Filipendula ulmaria, Rumex hydrolapathum, Scrophularia umbrosa, 
Typaha latifolia, Phragmites australis (subdom.).
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Eupatorietum cannabini Tx. 1937
Characteristic species. Eupatorium cannabinum (opt., dom.).
Differential species. Brachypodium sylvaticum, Carex acutiformis, Cirsium oleraceum, 
Filipendula ulmaria, Deschampsia caespitosa, Festuca gigantea, Geum rivale, Holcus lanatus, 
Rubus idaeus, Veronica chamaedrys.
Eupatorietum cannabini aegopodietosum Görs 1974
Differential species. Lamium maculatum, Aegopodium podagraria, Heracleum sphondylium, 
Ficaria verna, Alliaria petiolata, Melandrium rubrum, Cruciata laevipes, Lamium album, 
Chaerophyllum aureum.
Literature sources
[36,37,61,68,69,71,82]
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9. Supplementary material
The following supplementary material for this work is available at http://pbsociety.org.pl/
journals/index.php/mb/rt/suppFiles/mb.2019.001/0:
Fig. S1 The division of subclusters A2 and A3 into plant communities, based on the com-
parison of two dendrograms obtained as a result of cluster analysis, according to the strict 
consensus partitioning rule.
Fig. S2 The division of subcluster A1 into plant communities, based on the comparison of 
two dendrograms obtained as a result of cluster analysis, according to the strict consensus 
partitioning rule.
Fig. S3 The division of subcluster B1a into plant communities, based on the comparison 
of two dendrograms obtained as a result of cluster analysis, according to the strict consensus 
partitioning rule.
Fig. S4 The division of the subclasters B1b and B1c into plant communities based on the 
comparison of two dendrograms obtained as a result of cluster analysis, according to the 
strict consensus partitioning rule.
Fig. S5 The division of subcluster B2 into plant communities, based on the comparison of 
two dendrograms obtained as a result of cluster analysis, according to the strict consensus 
partitioning rule.
Fig. S6 The division of subcluster C1 into plant communities, based on the comparison of 
two dendrograms obtained as a result of cluster analysis, according to the strict consensus 
partitioning rule.
Tab. S1 Descriptive statistics of hydrogeomorphic variables and soil parameters, calculated 
for the entire data set of riparian tall herb fringe communities in NW Poland as well as for 
small and large rivers.
Tab. S2 Spearman rank correlations between environmental variables.
Tab. S3 Descriptive statistics of hydrogeomorphic variables and soil parameters for plant 
communities of the order Convolvuletalia sepium in NW Poland.
